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In view of the extensive literature dealing with the various 
cytological and taxonomic aspects of Angiosperms it is rather 
surprising that a comprehensive study of the male gameto- 
phyte has apparently never been made. Certain isolated 
aspects of this subject, as the structure of the chromosomes 
during meiosis, chronological descriptions of the meiotic proc- 
ess, the asymmetry of the microspore mitosis, etc., have been 
worked out and commented upon in detail. Consequently 
these are omitted in this report. But since the development of 
the male gametophyte has received such scattered attention 
it is the purpose of this paper to give a coordinated presenta- 
tion in regard to such easily observed features as vacuoles, 
refractive granules, cell walls, nuclear shape and volume, and 
cell size in its development in certain monocots and particularly 
in Tradescantia. 


The plants used in the present study were: Tradescantia 
hirsutiflora, T. paludosa, unnamed triploid and tetraploid 
Tradescantia hybrids, and Aloe sp. Correlated observations 
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were made on species of Rhoeo, Gasteria, and Sansevieria. 
The plants were obtained from the Missouri Botanical Garden 
and grown under greenhouse conditions. Acetocarmine smear 
preparations of pollen mother cells, microspores, and pollen 
grains were used throughout the investigation. Hanging drop 
slides, smears being made on the cover slip and later inverted 
so that the material could float free in acetocarmine, were made 
to study tetrad shape. The work was carried on in the labora- 
tories of the Henry Shaw School of Botany of Washington 
University, most of it as part of a course in cytology. We are 
indebted to other members of the class for various observa- 





A B 


Fig. 1. (A) Tetrad in which the spindle axes of the second meiotic divi- 
sion were parallel; (B) in which the spindle axes of the second meiotic 
division were perpendicular; (C) in which the walls dividing the cells were 
formed after both meiotic divisions had taken place. 


tions, and to Dr. Edgar Anderson for his direction in this study 
and his helpful suggestions. 


Meiosis in Tradescantia shows the phenomena recorded for 
the various species, the nucleus of the pollen mother cell pass- 
ing through two divisions and producing four daughter cells. 
These daughter cells are arranged in tetrads, which in Trades- 
cantia are of two types. The type more often found is shown in 
fig. 1,A. In this case the spindle axes of the second meiotic 
division were parallel. Fig. 1,B shows the result of the cor- 
responding division in which the spindle axes were perpendic- 
ular to each other. The ratio of type A to type B was found 
to be approximately 4:1 in Tradescantia. Type B is often 
found in groups on the slide in which none of type A are ap- 










































1937] 
JOHNSON & PECK——-MALE GAMETOPHYTE IN MONOCOTS 163 


parent. This perhaps indicates that all in the group were 
developed in a particular part of the anther which gave rise 
only to that type. The tetrads of Rhoeo are similar to those of 
Tradescantia but here the two types occur in about equal num- 
bers. In Gasteria and Aloe the four cells of the tetrad are 
tetrahedrally arranged (fig. 1,C). The walls dividing the cells 
are evidently formed after both meiotic divisions have taken 
lace. 
: In Tradescantia and Rhoeo the wall of the pollen mother cell 
about the tetrad is an ordinary spherical coat and shows no 


Fig. 2. Diagram of a typical tetrad of Gasteria, Aloe, or Sanse- 
vieria surrounded by the heavily flanged pollen mother cell wall, 
represented as if upper half of wall were removed. Figured by 
H. A. McQuade. 


resemblance to the same structure in Gasteria, Aloe, and 
Sansevieria, in which two heavy flanges are at opposite ends of 
the cell wall (fig. 2). In Sansevieria and Aloe the flanges of 
adjacent pollen mother cell walls fit together and form a long 
chain of dyads or tetrads in the anther according to the stages 
examined (fig. 3). When the tetrads are freed these flanges 
are no longer visible on empty pollen mother cell walls or frag- 
ments of these walls; neither are they visible when the individ- 
uals of the tetrad are ready to separate. There is a gradual 
reduction in the size of the flanges from the first meiotic di- 
vision until the tetrads are freed (fig. 4). Exactly what func- 
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tion these thickenings have is not ‘known, but it is quite pos- 
sible that they are gradually digested by the cells forming 
within the pollen mother cell. It is suggested that their func- 
tionis twofold: (1) For the retention of cells within the anther, 
and (2) for food storage. The chemical nature of these flanges 
is likewise not known but they do not seem to be of cellulose. 
Crude microchemical tests and observations under polarized 


Fig. 3. Diagram of dyads and tetrads in the 
anther of Sansevieria, showing their arrangement in 
chains. Figured by H. A. McQuade. 


Fig. 4. Camera-lucida sketches of various stages in the formation of the 
tetrad of Aloe, showing the gradual digestion of the pollen mother cell wall. 
(x approx. 635.) 


light with crossed Nicols fail to give positive cellulose re- 


actions even though the epidermal cell walls of the anther 
do. 


The microspores of Tradescantia, in the tetrad, regularly 
have the shape of the quadrisection of a sphere. While the cells 
are united in fours, and immediately after they separate, the 
nucleus is in the midde of the cell (pl. 4, fig. 1). There are no 
vacuoles and the cytoplasm appears clear and watery. In 
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radial view the cell at this stage is nearly triangular with a 
continuous, smooth, distinct wall. As the microspore develops 
there is a differentiation of the wall. The wall which was 
innermost in the tetrad remains flattened and smooth, but the 
outer wall rounds out and becomes definitely sculptured. The 
inner wall rounds out much more gradually until the pollen 
grain is nearly ellipsoidal by the time it is mature. When seen 
in tangential view the sculptured part of the wall of the micro- 
spore shows at each end, while the long side walls are smooth. 

A study was made of microspores of Tradescantia paludosa 
to determine the change in position of the nucleus between the 
time of the breaking up of the tetrad and the first mitotic divi- 
sion. Soon after the microspores become separate the nucleus 
moves from the middle to the end of the cell (pl. 4, fig. 2). A 
large vacuole usually occupies the other end and the middle 
region of the cell. It is during the migration of the nucleus 
from the middle to the end of the cell that the wall sculpturing 
first becomes apparent. From this time on it becomes more 
and more distinct. 

Just before prophase of mitosis the nucleus is again in the 
middle of the cell, closer to the flat wall than to the curved 
sculptured one, when seen in radial view (pl. 4, fig. 3). In some 
of the cells there appeared one large vacuole, enlarged at each 
end of the cell with a narrower connecting portion squeezed 
between the nucleus and the sculptured wall. These cells prob- 
ably represent a slightly earlier stage than those usually ob- 
served which contained two vacuoles, one in each end of the 
cell. The vacuoles usually appeared broad and blunt at the 
end toward the smooth flat wall of the cell and tapered off 
toward the curved wall. 

The asymmetry of the mitotic figures in the microspore of 
Tradescantia is noticeable from the very early stages of 
prophase (pl. 4, fig. 4). Throughout their formation the vege- 
tative nucleus and the generative nucleus can be distinguished 
by their different appearance as well as by their position in 
the microspore. When the chromatids begin to differentiate, 
the nucleus is spherical in form. As soon as the chromosomes 
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become more definite and begin to loosen up and pull apart, 
the nucleus loses its regular shape and becomes more nearly 
obovoid. The small end is pressed close against the middle 
of the flat wall and the broad end reaches nearly to the other 
side of the cell. The asymmetric shape of the prophase nucleus 
is due to the fact that at the small end the chromosomes are 
closely massed together, with very little space between them, 
while at the broad end they are much more scattered and 
pulled apart. Apparently, even before the chromosomes line 
up on the division plate there is some force which holds them 
in this asymmetric arrangement. The chromosomes become 
very much shortened and thickened before metaphase. 

The equatorial plate in mitosis is close to the smooth flat 
wall of the microspore cell and parallel to it. The six chromo- 
somes are approximately equal in length, two of them with 
median, and four with sub-median attachment constrictions. 
At metaphase they are arranged with their attachment con- 
strictions in a rough circle on the plate. The ends of the 
chromosomes may or may not lie within the plate. 

In anaphase the chromosomes split to form two dissimilar 
groups. The group which is to form the generative nucleus is 
close to the smooth inner wall of the cell and is very small and 
compact. The other chromosomes migrate almost to the out- 
side wall of the cell to form a much larger and much more 
loosely constructed group, which is to become the vegetative 
nucleus. The contraction of the chromosomes, begun in 
prophase, continues through anaphase. 

In the two-nucleate stage of the microspore the compact, 
darkly staining generative nucleus is close to the smooth inner 
wall of the cell and is surrounded by a non-staining area. A 
smooth membrane cuts it off from the rest of the cell. The 
vegetative nucleus is much larger, light staining, somewhat ir- 
regular, and often rather vague in outline. 

Later stages observed show that the membrane about the 
generative nucleus is no longer present. The generative nu- 
cleus swells somewhat and is next seen farther from the wall, 
larger and spherical. It seems as though the nucleus at this 
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stage is already in the prophase of the next mitotic division. 
The generative nucleus in mature pollen has no definite posi- 
tion but may lie in any region of the cell. It elongates rapidly 
and curls and twists about the vegetative nucleus, which is be- 
coming smaller. There is definite indication that separate 
chromosomes are arranged more or less parallel at this stage. 
This nucleus is often seen split from one end nearly its full 
length, the two halves lying parallel and close together. (Fig. 
5.) A definite organization was also observed in the vegetative 
nucleus of pollen grains taken from flowers of Tradescantia 


MPITIT ITTY, 
BICLALCURSGO?P 


Fig. 5. Camera-lucida sketches of generative nuclei from several pollen 
grains of Tradescantia paludosa: (A) nuclei from young pollen grains; 
(B) nuclei at time of pollination. (x approx. 345). 


paludosa which were mature and shedding pollen and also in 
a tetraploid Tradescantia hybrid (pl. 4, fig. 9). The ends of 
the chromosomes could be seen sticking out from the main 
body of the nucleus and in some cases could be distinguished 
entirely across the nucleus. In no case could more than twelve 
ends be counted (except in the tetraploid where twenty-four 
would be expected) and in two cases this number could be 
definitely seen. It seems reasonable to believe that these are 
separate chromosomes. 


The presence of refractive granules in the cytoplasm of the 
pollen mother cell has been noted by several authors, but Sax 
and Edmonds are the only workers who make any statement as 
to their varying presence or as to their chemical composition. 
Crude microchemical tests show that in Tradescantia these 
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10 12 14 Days 


Fig. 6. Showing variation in volume in the development of the male 
gametophyte of Tradescantia paludosa. Note the great increase just be- 
fore mitosis begins and after mitosis when the pollen is ripening. The 
decrease from its greatest volume until the time of pollination is probably 
due to a gradual desiccation as the anther opens. Length of time for the 
development of the various stages from Sax and Edmonds (’33). 
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granules are neither starch (Sax and Edmonds, ’33) nor li- 
poids. In Aloe the granules are not as definite and distinct as 
in Tradescantia and at times they are hardly visible. Further- 
more, there seem to be two types of granules in Aloe; one kind 
very clearly distinguishable and seemingly of the nature of 
those in 7'radescantia; another kind rare in occurrence and not 
so distinct in appearance. These latter granules seem to be 
lipo-protein in nature, being soluble in alcohols, esters, and di- 
ethyl ether, slightly soluble in chloroform and benzene, soluble 
in concentrated hydrochloric acid and sodium hydroxide. 
They give a positive orange-red reaction with Sudan III, a 
brownish coloration with osmic acid, and a positive Biuret 
test. Reactions characteristic of other types of compounds 
give negative results. Granules of this type were present in 
few cells, but there can be no doubt that some granules, lipo- 
protein in nature, occasionally occur in Aloe and are absent 
in Tradescantia. 

The relative number of refractive granules appearing in the 
various stages has never been estimated. Accordingly, com- 
parative counts of every stage in the development of the male 
gametophyte of Tradescantia hirsutiflora were made, taking 
into account the following considerations: cells of equal age 
were selected for each type; counts were made from the same 
view in every case; and slides were kept at the same relatively 
low temperature during the study (below 20° C.). Since 
moderate heating produces better differentiation in staining 
between nucleus and cytoplasm, heating is often employed to 
produce better slides. But as granules are more or less, some- 
times entirely, destroyed in this way, slides subjected and those 
not subjected to this treatment must not be compared. 

Refractive granules are absent in the pollen mother cell and 
in prophase appearing between prophase and metaphase 1 of 
meiosis. From metaphase 1 there is a gradual decrease in 
the number of granules per cell throughout the entire meiotic 
process, the smallest number being present in the individual 
cells united in the tetrad (fig. 7). The cells making up the tet- 
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4 a . 10 12 14 Days 


Fig. 7. Showing the average number of refractive granules found in 
unvacuolated cells in the development of the male gametophyte of Trades- 
cantia hirsutifiora. Length of time from Sax and Edmonds (’33). 
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rad then split, and comparisons made with unvacuolated cells 
in prophase of mitosis show that an enormous increase in vol- 
ume of the cell and a corresponding increase in the number of 
granules has taken place. In the cells united in the tetrad and 
in the young microspore the nucleus is seen in the center of the 
cell; the granules are very large and no vacuoles are present 
(pl. 4, fig. 1). Later the nucleus is found at the end of the cell, 
and at this stage the microspore characteristically has a very 
large vacuole (pl. 4, fig. 2) and almost no granules. Before 
prophase of mitosis the nucleus is again at the center of the 
cell and the number of granules depends upon the presence or 
absence of vacuoles. If a very large vacuole is present gran- 
ules are usually lacking, whereas if vacuoles are absent the 
cytoplasm is filled with granules. Intermediate stages with 
small vacuoles and few granules compared to the same stage 
in its unvacuolated condition can be found. Thus the data show 
a distinct correlation between the number of granules and 
the presence or absence of vacuoles. 

Although granules are often found in all stages of mitosis it 
is apparently customary for cells in this division to be greatly 
vacuolated and to be practically lacking in granules. Counts 
made during mitosis in Tradescantia hirsutiflora in cells in 
which vacuoles were absent show a steady decrease (parallel- 
ing meiosis) from prophase to telophase, a rather large number 
being present in telophase (fig. 7). There is an increase from 
telophase to mature pollen. If the telophase stage indicated 
in the graph is very late there is evident in the two processes 
(meiosis and mitosis) a parallel decrease in the number of 
granules throughout both divisions, and a corresponding in- 
crease after division. At no time are more granules present 
than in unvacuolated mature pollen. The granules of the ma- 
ture pollen grain are usually smaller and less definite than 
in the microspore, it is true, and they may even be different 
in chemical character, but there can be no doubt that they are 
present in abundance in the mature pollen of the specimens of 
Tradescantia and Aloe studied. 
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SUMMARY 


1. A consecutive account of the development of the male 
gametophyte in species of Tradescantia is presented. 

2. Appearance and disappearance of vacuoles in Trades- 
cantia is correlated with the variation in number of refractive 
granules. 

3. Wall sculpturing in Tradescantia begins with the sudden 
growth of the young microspore, just before prophase of 
mitosis. 

4. There are two definite periods in which increase in size is 
apparent in the development of the male gametophyte in T'rad- 
escantia: (1) Just before mitosis begins, and (2) after mi- 
tosis, when the pollen is ripening. 

5. It has been possible to observe separate chromosomes in 
vegetative nuclei of mature pollen in Tradescantia paludosa 
and in a tetraploid Tradescantia hybrid. 

6. It is believed that the elongated generative nucleus in 
Tradescantia is composed of separate chromosomes. 

7. A decrease in the number of refractive granules during 
the processes of meiosis and mitosis in T'radescantia hirsuti- 
flora is shown by comparisons of the average number present 
in unvacuolated cells. 

8. The flanges noted on the pollen mother cell wall of Gas- 
teria, Aloe, and Sansevieria seem to be digested by the cells 
developing from the pollen mother cell. 
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EXPLANATION OF PLATE 
PLATE 4 


Diagrammatic review of the development of the male gametophyte of Trades- 
cantia, showing simultaneously the changes in nucleus, vacuoles, refractive granules, 
cell wall, and cell size. The figures are all drawn to the same scale from aceto- 
carmine smears. The wall outlines are from enlargements of camera-lucida draw- 
ings. The nuclei and vacuoles are drawn to scale either from the same cell from 


which the size was obtained or from other typical cells of the same stage. (x ap- 
prox. 985.) 


Figs. 1-8. Tradescantia hirsutiflora. 

Fig. 1. Microspore soon after separation of tetrad, nucleus in the middle, gran- 
ules very large, no vacuole, cell wall not differentiated. 

Fig. 2. Older microspore after nucleus has migrated to the end, granules very 
scanty, one large vacuole, wall sculpturing first apparent. 

Fig. 3. Very early prophase of mitosis, cell and nucleus both much larger. 

Fig. 4. Prophase of mitosis, chromosomes optically double. Note the asym- 
metry of the nucleus. 

Fig. 5. Metaphase of mitosis, tangential view of the cell (polar view of the 
plate). 

Fig. 6. Anaphase of mitosis, the two groups of chromosomes very different in 
compactness. 

Fig. 7. Two-nucleate microspore. 

Fig. 8. Mature pollen grain, some structure visible in the generative nucleus, 
many small granules, no vacuoles. 

Fig. 9. Tangential view of the mature pollen grain of a tetraploid Tradescantia 
hybrid showing visible organization in the vegetative nucleus. 


The figures are frankly diagrammatic. They are an attempt to integrate and 
summarize all observations. 
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CONTRIBUTIONS TOWARD A FLORA OF PANAMA’ 


Basep upon CoLLections By EXxpEpITIoNs FROM THE MissouRI 
BoranicaL GarpDEN TropicaL Station, BauBoa, C. Z. 


INTRODUCTION 
































When the Missouri Botanical Garden acquired the ‘‘orchid 
garden” of the late C. W. Powell of Balboa, Canal Zone, in 
1926, the chief motives were to perpetuate that fine collection 
and eventually to add it to the already famous collection of 
orchids at Saint Louis. Shortly before the death of Mr. 
Powell, during the same year, the government of the Canal 
Zone provided the Garden with a favorable site located in a 
narrow, secluded ravine at the western base of Ancon Hill, yet 
very accessible to the center of Balboa itself. To this tract of 
land the Powell orchids were removed, and suitable landscap- 
ing undertaken. An administration building was erected to 
serve both as a residence for the manager and to provide lab- 
oratory space for visiting investigators from the Garden in 
Saint Louis. Even before these improvements had been com- 
pleted, it became obvious that the Missouri Botanical Garden 
was not taking measures merely for the temporary care of a 
fine collection of orchids, but in effect was laying the founda- 
tions for a permanent Tropical Station. 

Since its founding in 1926 the Tropical Station has attained 
a position somewhat analogous in Panama to that of the Mis- 
souri Botanical Garden proper in the United States. Its in- 
terest and accessibility have made it frequented by residents of 
the Canal Zone and Panama as well as by tourists. Aside from 
its function as the repository of the Powell collection of or- 
chids, however, its scientific possibilities have only begun to 
be realized. 

With the exception of the narrow Canal Zone, the flora of 
Panama can scarcely be considered as better known than that 
of the other Central American republics. The region from 


* Issued April 30, 1937. 
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the Canal Zone eastward to the Colombian border, including 
virtually the whole of the territories of San Blas and Darién, 
is practically unexplored botanically. As a matter of fact, it 
is still dangerous for white travelers to penetrate this portion 
of the republic. Although the eastern portion of Panama is at 
present the least known, at the same time its vegetation is 
probably the richest and the most unspoiled. In this region 
also we may well expect to find new evidence for the historical 
association of the North and South American floras. 

It must not be thought that one must travel far and under 
great difficulties in order to make valuable contributions to 
our knowledge of the Panamanian flora, however. Well main- 
tained automobile highways now permit botanical collecting 
at a minimum of discomfort in the provinces west of the Canal 
Zone where a surprising number of interesting novelties await 
even a casual collector. 

With its Tropical Station strategically located in Balboa, it 
is natural that the Missouri Botanical Garden should con- 
tribute to our knowledge of the Panamanian flora. Several 
expeditions have already been organized and sent to various 
promising localities in the republic for the reconnaissance of 
the vegetation and the preparation of herbarium specimens, 
and similar activities are planned for the future. It is possible 
that sufficient material at length may be available for a com- 
prehensive flora of Panama in its entirety. As a preliminary 
to such a flora it is planned to publish a series of reports on the 
various expeditions which are sponsored by the Missouri Bo- 
tanical Garden from time to time. These reports will embody 
records of vascular plants previously described but hitherto 
not known to occur in Panama and the descriptions of novelties 
to science contributed, as far as possible, by specialists of the 
various plant families. 
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Administration Building, Missouri Botanical Garden Tropical Station, Balboa, C. Z. 
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I. CoLLEcTIONS In THE Provinces or Cuiriqui, Cocu&, AND 
PanaMA, By R. J. SEIBERT DURING THE SUMMER OF 1935 


ROBERT E. WOODSON, JR. 


Research Assistant, Missouri Botanical Garden 
Assistant Professor in the Henry Shaw School of Botany of Washington University 


AnD RUSSELL J. SEIBERT 
Assistant in Botany, Henry Shaw School of Botany of Washington University 


During the months of June, July, and August, 1935, accom- 
panied by Dr. G. W. Martin, of the State University of Iowa, 
we collected upon the Pacific slope of Panama at various lo- 
ealities in the provinces of Chiriqui, Coclé, and Panama, and 
made a small collection near the mouth of the Rio Trinidad 
upon the Atlantic slope. While in Balboa the party made its 
headquarters at the Tropical Station, and to Mrs. Mary D. 
Hunter, then temporary manager of the Station, the members 
feel particularly indebted for her hospitality and the success 
and pleasure of their sojourn. It is also a pleasure for the 
party to acknowledge the many kindnesses and stimulating 
companionship of their friend, Mr. Adrien M. Bouché, Jr., of 
Pedro Miguel, C. Z., who was chiefly responsible for the sum- 
mer’s itinerary. 

Collecting in the tropical American rain forests during the 
so-called ‘‘rainy season,’’ extending on the Pacific slope of 
Panama roughly from May until December with short inter- 
mittent respites is a difficult matter when done at any distance 
from modern conveniences and for any length of time. Con- 
sequently it is not surprising that the majority of herbarium 
specimens from Panama is representative of the dry season 
rather than of the entire year. It was for this reason that the 
‘‘wet’’ months of June, July, and August were chosen for col- 
lecting in 1935. As a matter of fact, these months proved to 
be the ‘‘wettest’’ on record upon the isthmus, approximately 
60 inches of rain falling in certain localities during July and 
about equally during June and August. 

Under such conditions the difficulties of desiccation and 
the dangers of molding are obvious. For these reasons and 
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also as the consequence of misfortunes in the transportation 
of supplies upon two occasions in Chiriqui, the collections for 
the summer of 1935 were relatively few, consisting of but 552 
numbers in multiplicate. In view of the small total collection, 
the number of novelties and new records is good evidence of 
our relatively meagre knowledge of the Panamanian flora 
even in regions of easy access. 

Of the numerous trips taken during the summer of 1935, two 
in particular merit note since they were to localities of special 
interest. The more extended of these was in northwestern 
Chiriqui province just under the continental divide. Arriving 
by aeroplane upon the Llanos del Volcan, southwest of the base 
of the Volcan de Chiriqui, the party journeyed by foot some 
fifteen miles up the valley of the Rio Chiriqui Viejo to the finca 
of Mr. Hugh J. White, a retired employee of the Panama 
Canal. At Mr. White’s finca, called ‘‘ Monte Lirio’’ (alt. 1550 
m.), the party made a base from which reconnaissance trips 
were made daily for a period of several weeks. 

The province of Chiriqui has been visited by numerous bo- 
tanical collectors, but chiefly in much the same territory, ex- 
tending from the seaport Pedregal and the capitol city David, 
to Boquete, an attractive settlement in the coffee-producing 
region between Volcan de Chiriqui and Cerro Horqueta. It is 
safe to assume that no botanists had visited the valley of the 
upper Rio Chiriqui Viejo prior to the visit of the Missouri 
Botanical Garden party in 1935. This valley lies north and 
west of the Volcan, the headwaters of the river rising toward 
the base of Cerro Punta (alt. 1900 m.) and Cerro Picacho (alt. 
2000 m.) upon the continental divide. The region about Monte 
Lirio itself is provided with a very rich vegetation of rain for- 
est nourished by the dense ‘‘baja ricas’’ (drenching, foggy 
rains) which descend from the mountain slopes with daily 
regularity throughout the rainy season. This flora is es- 
sentially an extension of that characteristic of the Cordillera 
de Talamanca in Costa Rica. 

Emptying out of a narrow mountain gorge (‘‘Paso Ancho’’), 
the Rio Chiriqui Viejo has cut for itself a narrow, canyon-like 
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Fig. 1. Llanos del Volean, Chiriqui, with the Volean de Chiriqui seen through 
the gorge of the Rio Chiriqui Viejo. 


Fig. 2. Llano Bonito, Coclé, looking toward the Pacifie Ocean. 
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Fig. 1. View into El Valle de Antén from the southern rim. Note the descent 
of the ‘‘ Baja Rica’’ from the mountains in the background. 


Fig. 2. View across the ‘‘ badlands’’ of the upper Llano Bonito to the Serrania 
de Tabasaré dominated by the Cerro Valle Chiquito (left background). 
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valley along the western margin of the Llanos del Volcan (alt. 
1330 m.), the old lava field of the extinct Volcan de Chiriqui 
(alt. 3374 m.). Although the llanos have been subjected to 
grazing by cattle and half-wild horses throughout their greater 
extent, they still support an interesting vegetation, including 
occasional novelties and numerous plants not yet recorded 
from Panama, many of which recall the chaparral of Mexico. 
At the southern margin of the llanos are found several springs 
and small lakes which feed such short but turbulent streams as 
the Rio Gariché. In the narrow upper valley of this river the 
party spent several days at the finca (alt. 1100 m.) of Mr. Frank 
Mathews. 

Nearer the Canal Zone, the province of Coclé has been pe- 
culiarly neglected by botanical collectors. During the sum- 
mer of 1935 the Missouri Botanical Garden party visited an 
interesting locality in Coclé known as El Valle de Anton, which 
is evidently the greatly eroded crater of an ancient volcano. 
Upon the floor of this ‘‘valley’’ many interesting bogs are 
found, and the precipitous walls support a rich rain forest. 
Overlooking El Valle to the north is the eastern end of the 
Serrania de Tabasara, dominated by the peculiar, ‘‘gun- 
sighted’’ Cerro Valle Chiquito. A fairly good highway now 
leads westward from Balboa as far as David, in Chiriqui, 
although the western portion is practically impassible in the 
rainy season. From this highway a small branch turns inland 
a short distance west of San Carlos, leading abruptly up to the 
“Llano Bonito,’’ through Las Margaritas, to El Valle de 
Anton. 

Llano Bonito itself is an interesting place for collecting, 
although it has been subjected to grazing in part. It consists 
of an uptilted plain underlain near the surface by volcanics and 
greatly eroded into a maze of gullies, particularly in its upper 
reaches. Many interesting plants are found in the region of 
El Valle and Llano Bonito, outstanding of which, perhaps, are 
several of pronounced affinity with the flora of the Antilles, in- 
cluding the widespread Antillean Polypodium dissimile L. 
and Spiranthes Scopulariae Rchb. f., previously thought to be 
an endemic of Trinidad. 
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POLYPODIACEAE 
Determined by W. R. Maxon (Washington) 


Dryopreris MACRADENIA (Sod.) C. Chr. Chiriqui: valley of 
the upper Rio Chiriqui Viejo; rare (Seibert 185). Previously 
known only from Ecuador. 

PotypopruM asTROLePis Liebm. Coclé: not uncommon upon 
trees, El Valle de Antén (Seibert 421). A common tropical 
American species, but apparently not previously known from 
Panama. 

Potypopium pisstmiLE L. Coclé: vicinity of Llano Bonito, 
infrequent (Seibert 510). Widespread throughout the An- 
tilles ; known on the continent from Guatemala, Venezuela, and 
the Guianas. 

RHIPIDOPTERIS FLABELLULATA (H. & B.) Fée. Chiriqui: on 
mossy logs, valley of the upper Rio Chiriqui Viejo, not infre- 
quent (Seibert 331). Previously known from Costa Rica and 
northern South America. 


CYPERACEAE 
Determined by Fr. Hugh O’Neill (Washington) 


LrpocarpHa Sextow1ana Kunth. Chiriqui: Llanos del Vol- 
can (Seibert 370). Previously known from Brazil and Peru. 


PALMAE 
Determined by L. H. Bailey (Ithaca, N. Y.) 


CHAMAEDOREA CosTaRICANA Oersted. Chiriqui: valley of the 
upper Rio Chiriqui Viejo (Seibert 218). Previously known 


only from the vicinity of the type locality at Mr. Turrialba, 
Costa Rica. 


BROMELIACEAE 
Determined by L. B. Smith (Cambridge, Mass.) 


Catopsis nutans (Sw.) Griseb. Panama: vicinity of Aren- 
oso, lower Rio Trinidad (Seibert 646). Recorded from Colom- 
bia and Costa Rica, but previously unknown for Panama. 

GuzMANIA POLYCEPHALA Mez & Wercklé. Chiriqui: valley of 
the upper Rio Chiriqui Viejo (Seibert 208). Flowers cream, 





1937] 
FLORA OF PANAMA, I 181 


tinged with light cream at the base. Previously known from 
Costa Rica. 

VrIEsIA SUBSECUNDA Wittm. Chiriqui: valley of the upper 
Rio Chiriqui Viejo (Seibert 229). Fruits purplish brown. 
Previously recorded from Costa Rica. 


AMARYLLIDACEAE 


Eucharis Bouchei Woodson & P. Allen, spec. nov., herbacea 
bulbosa; bulbis tunicatis late ovoideis ca. 6-8 em. diametro 
metientibus; foliis ovato-lanceolatis apice acuminatis basi at- 
tenuatis 35-42 cm. longis 10-11 em. latis delicate membranaceis 
glaberrimis; petiolis 25-30 cm. longis leviter canaliculatis basi 
paulo alatis glaberrimis; inflorescentiis umbellatis 4-10-floris; 
pedunculo crassiusculo 55-60 cm. longo glabro; bracteis sub- 
foliaceis 1.0-1.5 cm. longis; pedicellis ca. 2.5 em. longis glabris; 
perianthii lobis ovatis breviter acuminatis 3.0-3.5 cm. longis 
ca. 1.3-1.5 cm. latis patulis, tubo infundibuliformi usque ad 
3.5 em. longitudine ca. 0.15 cm. diametro metiente deinde 
0.5 em. longitudine tenus conico-dilatato, ostio ca. 0.6 em. diam- 
etro metiente; staminum filamentis membranaceo-dilatatis 
trapezoideis basi connatis ca. 1.2 cm. longis, antheris ca. 
0.3 em. longis caducis; ovario 3-loculare subgloboso ca. 0.3 cm. 
diametro metiente, stylo gracilissimi, stigmate breviter 3- 
lobato bene exserto; fructibus ignotis.—CocL&: in woods near 
the base of Cerro Valle Chiquito, July 20, 1935, R. J. Seibert 
466 (Herb. Missouri Bot. Garden, typz). 

This is apparently the first representative of the ornamental 
genus Eucharis to be reported from north of Colombia. Abun- 
dant in the neighborhood of El Valle de Antén and the base of 
Cerro Valle Chiquito, it is easily distinguishable from the 
South American congeners by its broad staminal filaments 
which are roughly trapezoid, and without the rounded, lateral 
lobes characteristic of all the previously known species except 
E. Sanderi, in which the filaments are narrowly linear. This 
species is probably widely distributed in Panama. It has been 
cultivated at the Missouri Botanical Garden Tropical Station 
for several years under the name ‘‘ Easter Lily.’’ 
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CANNACEAE 


Canna tatiFouia Mill. Chiriqui: valley of the upper Rio 
Chiriqui Viejo, not infrequent in low thickets (Seibert 295). 
Our specimens accord well with the description of C. latifolia 
save for the obovate-trigonal capsules. If our plants are cor- 
rectly identified they constitute the first record of the species 
from north of Colombia. 


ORCHIDACEAE 
Determined by C. Schweinfurth (Cambridge, Mass.) 


HasENaRi4 SETIFERA Lindl. Chiriqui: banks of intermittent 
streams, Llanos del Volcan, fairly frequent (Seibert 326); 
Coclé: Llano Bonito, north of Las Margaritas, fairly frequent 
(Seibert 533). Previously recorded from Mexico, Guatemala, 
British Honduras, Honduras, Colombia, Venezuela, British 
Guiana, and Brazil. 

ELLEANTHUs capitatus (R. Br.) Rchb.f. Chiriqui: valley of 
the upper Rio Chiriqui Viejo, vicinity of Monte Lirio, rather 
frequent (Seibert 140, 268). Widespread from Mexico to 
Brazil and Peru, but not previously recorded from Panama. 

SprranTHEs ScoputaRiaE Rehb. f. Coclé: Llano Bonito, rare 
(Seibert 528). Previously known only from the island of 
Trinidad. 

Mataxis BRACHYRRHyNCHA (Rchb. f.) Ames. Chiriqui: 
Llanos del Volean (Seibert 327). Flowers of this species have 
a faint but sweet and agreeable odor. Previously recorded 
from Mexico, Guatemala, Honduras, and Costa Rica. 

Mataxis excavata (Lindl.) O. Ktze. Chiriqui: valley of the 
upper Rio Chiriqui Viejo, vicinity of Monte Lirio, deep forest 
(Seibert 175). Flowers with a rather faint but disagreeable 
odor of spoiled eggs. Previously unknown south of Mexico. 

Mataxis macrostacHya (Llave & Lex.) O. Ktze. Chiriqui: 
bank of an intermittent stream, Llanos del Volcan (Seibert 
128). Previously recorded from Arizona, New Mexico, Mex- 
ico, and Costa Rica. 

Mataxis PartHonm Morr. var. penticuLata (Rehb. f.) A., H. 
&§. Chiriqui: valley of the upper Rio Chiriqui Viejo, vicinity 
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of Monte Lirio, relatively frequent (Seibert 170, 221). Flow- 
ers with a faint odor of dried tobacco.!' Previously known only 
from Costa Rica. 

Liparis WENDLANDII Rehb. f. Chiriqui: valley of the upper 
Rio Chiriqui Viejo, vicinity of Monte Lirio, epiphytic, fre- 
quent (Seibert 195, 216). Previously known from Costa Rica. 

Pleurothallis triangulabia C. Schweinfurth, spec. nov. Herba 
epiphytica, caespitosa, mediocris. Caules comparate alti. 
Folia deflexa, late ovata, basi profunde cordata, apice abrupte 
acuminata. Pedunculi in sinu folii fasciculati, uniflori, bractea 
conduplicata celati. Sepalum dorsale suborbiculari-ovatum. 
Sepala lateralia in laminam paulo angustiorem connata. 
Petala multo minora, oblongo-lanceolata, leviter falcata, mar- 
gine eroso-denticulata. Labellum carnosum, ovato-triangu- 
lare, apiculatum, basi late truncatum. Columna perbrevis, 
lata, cum pede crasso. 

Plant epiphytic, caespitose, about 29 em. high, erect. Roots 
fibrous, filiform, numerous, glabrous. Stems 8 to about 27 cm. 
tall, provided at the base and below the middle with a long 
tubular, evanescent sheath. Leaf solitary, horizontally spread- 
ing or reflexed, ovate or broadly ovate, deeply cordate at base 
with overlapping auricles, 5.6-10.1 em. long including the 
auricles, 3.3-5.9 cm. wide, abruptly acuminate, coriaceous. Pe- 
duncles fascicled in the sinus of the auricles of the leaf, 1- 
flowered, concealed by a conspicuous conduplicate spathe which 
is about 3 cm. long. Flowers bilabiate, medium-sized. Dorsal 
sepal broadly ovate, about 12 mm. long and 9.8 mm. wide, 3- 
nerved, minutely papillose on the inner surface. Lateral 
sepals connate into an ovate lamina which is 10 mm. long and 
about 8.2 mm. wide, obtuse or shortly bidentate with acute 
teeth, 4-nerved (the nerves slightly carinate on the outer sur- 
face) with 2 indistinct central nerves. Petals oblong-lanceo- 
late, slightly faleate, 6.5-7.3 mm. long, 2.2-2.5 mm. wide, erose- 
denticulate on the margins, acute, l-nerved. Lip simple, 
fleshy, ovate-triangular, about 3.4 mm. long from the middle of 

* Since the odors of all four species of Malagis found in this part of Chiriqui are 


very distinctive and constant, we have taken care to note each for the benefit of 
future collectors and students. 
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the base to the apiculate apex, about 4 mm. wide across the 
truncate base, much thickened and papillose through the an- 
terior portion and lateral margins toward the base, arcuate- 
recurved in side view due to the fleshy semilunate basal callus 
which is broadly sulecate next the column-foot, 3-nerved. 
Column very short and broad, extended into a stout papillose 
foot.—Cosra Rica: ‘‘Arbres des paturages 4 Palmira de Al- 
faro Ruiz. Alt. 840 m., 4-VII-1925. Fleurs rouge-vineux 
foneé.’? A. M. Brenes (138a) 1341 (Herb. Ames No. 43761, 
TYPE); PanaMa: CHrIRIQuf: valley of the upper Rio Chiriqui 
Viejo, vicinity of Monte Lirio, alt. 1300-1900 m. Epiphytic on 
rotten logs ; flowers dark reddish purple, June 27—July 13, 1935, 
R. J. Seibert 269 (Herb. Missouri Bot. Garden, cotyPs). 

Pleurothallis triangulabia is vegetatively similar to many 
species of the alliance of P. cardiothallis Rehb. f. and P. phyllo- 
cardia Rchb. f., but is distinct from all by reason of its peculiar 
lip. Seibert 269 shows slight discrepancies from the type col- 
lection. One stem is about 30cm. tall. One leaf is 11.7 cm. long 
from tip of auricles to tip of lamina. Dorsal sepal elliptic- 
ovate, 11 mm. long, 7.8 mm. wide. Lamina of lateral sepals 
oblong-ovate, about 10.1 mm. long, 6 mm. wide. Petals 7.5 mm. 
long. 

PLEvROTHALLIS TuERcKHEIMII Schltr. Chiriqui: valley of 
the upper Rio Chiriqui Viejo, vicinity of Monte Lirio (Seibert 
142). Previously known from Guatemala, Honduras, and 
Costa Rica. 

EpmenprumM Parkinsonianum Hook. Chiriqui: valley of 
the upper Rio Chiriqui Viejo, vicinity of Monte Lirio, frequent 
(Seibert 214, 217). Previously known from Mexico, Guate- 
mala, Honduras, and Costa Rica. 

EpmenpDruM PyeMaEuM Hook. Coclé: vicinity of El Valle 
de Antén (Seibert 426). Very widely distributed from Florida 
and Mexico through Central America and the Antilles to 
Venezuela, British Guiana, Brazil, Peru, and Bolivia, but pre- 
viously unrecorded in Panama. 

CaLANTHE MExIcANA Rehb. f. Chiriqui: valley of the upper 
Rio Chiriqui Viejo, vicinity of Monte Lirio (Seibert 171). 
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Previously known from Mexico, Guatemala, Costa Rica, and 
the Antilles. 

BLetIa CAMPANULATA Llave & Lex. Chiriqui: Llanos del Vol- 
can, infrequent (Seibert 328). Previously known from Mexico 
and Guatemala. 

Lycaste Dow1ana Endres & Rehb. f. Coclé: near summit of 
Cerro Valle Chiquito (Seibert 644). Previously known from 
Costa Rica. 

Huntieyva Burtn (Endres & Rehb. f.) Pfitz. Coclé: near 
summit of Cerro Valle Chiquito (Seibert 643). Previously 
known from Costa Rica. 


PIPERACEAE 
Determined by William Trelease (Urbana, Il.) 


Peperomia antoni Trel., spec. nov. Herba epiphytica repens 
sat magna omnino glabra; caule graciliusculo; foliis alternatis 
obovatis obtuse breviterque acuminatis longe cuneatis 2.5- 
6.0 em. longis 4-9 cm. latis pinnate nervatis ; petiolo 3.0-3.5 cm. 
longo; spicis geminatis 0.2 em. crassis 15.0 cm. longis; pe- 
dunculo 4.0 cm. longo ad apicem ramuli terminalis 1-bracteati 
7.0 em. longi conlocato; bracteis peltato-rotundatis; baccis ob- 


longoideis anguste rostratis; stigmate anteriore sub rostro 
tenente.—Coci&: El Valle de Antén and vicinity, alt. 500-700 
m., July 23-26, 1935, R. J. Seibert 437 (Herb. Missouri Bot. 
Garden, TYPE). 

Peperomia Seibertii Trel., spec. nov. Herba epiphytica 
erecta sat magna laxe ramosa glabriuscula post exsiccationem 
colore fulva; caule 0.2-0.3 cm. crasso anguloso nodis hirtellis ; 
foliis aut alternatis aut oppositis late lanceolatis acuminatis 
basi acutis 1-2 em. latis 2.5-5.0 em. longis 3—5-nervatis cilio- 
latis; petiolo vix 0.5 cm. longo alate decurrente; spicis aut 
terminalibus aut lateralibus ca. 0.1 cm. crassis 4.0 cm. longis; 
pedunculo gracile 1 cm. longo; bracteis rotundato-peltatis; 
ovario ovoideo; stigmate subapicale.—Curmiqui: valley of the 
upper Rio Chiriqui Viejo, vicinity of Monte Lirio, District of 
Bugaba, alt. 1300-1900 m., June 27-July 13, 1935, R. J. Seibert 
201 (Herb. Missouri Bot. Garden, Type). 
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Peperomia valliculae Trel., spec. nov. Herba assurgens sat 
magna omnino glabra; caule 0.1—-0.2 cm. crasso; foliis plerisque 
alternatis raro oppositis 3-natisve rhomboide elliptico-lanceo- 
latis oblanceolatisve apice subacutis basi cuneatis 2.0-4.5 em. 
longis 1.0-1.5 em. latis opacis obscure 3-nervatis; petiolo 0.5- 
1.0 em. longo; spicis aut terminalibus aut lateralibus fili- 
formibus 10-15 em. longis; pedunculo 1 cm. longo; bracteis 
rotundato-peltatis; baccis ovoideis; stigmate subapicale. — 
Coci&é: western slope and summit of Cerro Valle Chiquito, alt. 
700-800 m., July 25, 1935, R. J. Seibert 503 (Herb. Missouri Bot. 
Garden, TYPE). 

Piper liratinerve Trel., spec. nov. Frutex P. pseudo-lanceo- 
lato affinis; internodiis sat gracilibus elongatisque sparse vil- 
losis tandem glabratis; foliis lanceolatis gradatim angustis- 
sime acuminatis basi gradatim inaequaliter obtusis subcordu- 
latisve 14-15 cm. longis 4.04.5 cm. latis supra glabris rugosis- 
que medium versus pinnate nervatis utroque latere, nervis 6— 
7, subtus molliter hirsutis venis valde prominentibus; petiolo 
ca. 1 cm. longo subhirsuto; spicis curvatis longe cuspidatis 
8-10 cm. longis 0.2 cm. crassis; pedunculo 2 cm. longo sparse 
pubescente.—Curriqui: valley of the upper Rio Chiriqui 
Viejo, vicinity of Monte Lirio, alt. 1300-1500 m., June 28, 1935, 
R. J. Seibert 158 (Herb. Missouri Bot. Garden, type). 

Piper marmoreum Trel., spec. nov. Frutex (?) glaber viridi- 
marmoreus; internodiis florigeris gracilibus sat brevibus; 
foliis ovatis sat abrupte acuminatis basi rotundatis 19-20 cm. 
longis 10 cm. latis omnino pinnate nervatis post exsiccationem 
chartaceis; petiolo 2 cm. longo; spicis erectis 12.5 em. longis 
0.4 cm. crassis; pedunculo 1 em. longo.—PanamA: vicinity of 
Arenoso, lower Rio Trinidad, alt. 26-50 m., Aug. 7-10, 1935, 
R. J. Seibert 622 (Herb. Missouri Bot. Garden, types). 

Piper rivi-vetusti Trel., spec. nov. Frutex riparius ca. 2 m. 
altus; internodiis florigeris sat crassis brevibusque cinereo- 
hispidis; foliis oblique ovatis elliptico-subrhomboideisve acu- 
minatis basi acutis vel inaequilateraliter subobtusis 16-17 cm. 
longis 7.5-8.5 cm. latis medium versus pinnate nervatis, nervis 
utroque latere 6 scabridulis subtus breviter hirsutis; petiolo 
ca. 1.5 cm. longo subhirsuto; spicis erectis obtusis 9 cm. 
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longis 0.4 cm. crassis; pedunculo 1 em. longo; bracteis rotun- 
dato-peltatis ciliolatis—Curigui: valley of the upper Rio 
Chiriqui Viejo, vicinity of Monte Lirio, alt. 1350-1400 m., July 
2, 1935, R. J. Seibert 192 (Herb. Missouri Bot. Garden, type). 

Piper subrepens Trel., spec. nov. Frutex nodosus glaber; 
internodiis florigeris gracilibus brevibusque; foliis ovato-lan- 
ceolatis subovatisve acuminatis basi rotundatis 7.5-9.0 cm. 
longis 3-8 cm. latis quarto inferiore pinnate nervatis, nervis 
utroque latere 3-4, post exsiccationem firmis margine aliquid 
revolutis; petiolo 1 cm. longo; spicis 1 cm. longis 0.3 em. 
crassis obtusis; pedunculo gracile 1 cm. longo.—Cocié: west- 
ern slope and summit of Cerro Valle Chiquito, alt. 700-800 m., 
July 25, 1935, R. J. Seibert 504 (Herb. Missouri Bot. Garden, 
TYPE). 

FAGACEAE 


Quercus tnsienis Mart. & Gal. Chiriqui: valley of the up- 
per Rio Chiriqui Viejo, vicinity of Monte Lirio (Seibert 225). 
According to Trelease’s recent monograph of the American 
Oaks, this species has previously been known only from south- 
ern Mexico. Our specimens, taken from trees not infrequent 
in the valley of the upper Chiriqui Viejo, certainly accord well 
with the Mexican representation although the margin of the 
leaves is apparently quite entire in most cases, and the acorns 
average somewhat smaller, but not consistently so. 

QUERCUS EUGENIAEFOLIA Liebm. Chiriqui: valley of the up- 
per Rio Chiriqui Viejo, vicinity of Monte Lirio (Seibert 226). 
This species appears to be too difficult to distinguish from 
Q. Seemanni Liebm., originally described from the region of 
Boquete, province of Chiriqui. If the two be maintained, how- 
ever, it must be admitted that our specimens check rather more 
closely with the description and figures of the former, which 
has previously been unknown outside Costa Rica. 


LORANTHACEAE 
Determined by William Trelease (Urbana, Ill.) 


PHORADENDRON CORYNARTHRON Hichler var. Seibertii Trel., 
var. nov., ramulis distincte ancipitalibus; foliis anguste ob- 
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longis vel falcate lanceolatis 5-7 cm. longis 0.8-1.3 em. latis; 
spicis (immaturis) 2 em. longis 0.2 cm. crassis cylindricis.— 
Cocié: El Valle de Antoén and vicinity, alt. 500-700 m., July 23, 
1935, R. J. Seibert 411 (Herb. Missouri Bot. Garden, typz). 
Because of the immaturity of the inflorescence, Professor 
Trelease is slightly dubious of the precise affinity of these 


plants, which are relatively common in the vicinity of El Valle 
de Anton. 
BALANOPHORACEAE 


Hetosis Mexicana Liebm. Coclé: El Valle de Antén (Sei- 
bert 469). Previously known from southern Mexico and Co- 
lombia. The leafless stems are unbranched and 10-15 cm. tall. 
The inflorescence is pale buff, with the exception of the pinkish 
floral parts. In view of the poor understanding of the genus 
due to the relatively meagre collections, the determination 
must be regarded as provisional. 


CARYOPHYLLACEAE 


Sretyarma ovata Willd. Chiriqui: trailing along sunny 
stream-banks, frequent in the upper Rio Chiriqui Viejo Valley 
(Seibert 275). Distributed from southern Mexico to the 
Andes, but apparently not previously reported from Panama. 


RANUNCULACEAE 


THALICTRUM PopocaRrPUM HBK. Chiriqui: narrow gorge of 
the Rio Chiriqui Viejo below Monte Lirio (Seibert 204). Ap- 
parently the first record of this species in Central America. 
Previously known to extend from Venezuela to the Andes of 
Chile, and into Argentina. 


LAURACEAE 


Ocotea Whitei Woodson, spec. nov., arborescens ca. 15- 
20 m. alititudine attingens; ramulis glaberrimis; foliis oblan- 
ceolatis basi anguste cuneatis apice obtusiusculis 7-10 cm. 
longis 2-3 em. latis coriaceis glaberrimis supra nitidulis; pet- 
iolis ca. 1 cm. longis; inflorescentiis paniculatis multifloris folia 
subaequantibus omnino appresse puberulis; pedicellis plus 
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minusve glomeratis ca. 0.1 cm. longis appresse puberulis; 
bracteis minutissimis ovato-deltiformibus; floribus herma- 
phroditibus viridulis; perianthii tubo subnullo segmentis late 
ovatis acutis ca. 0.15 cm. longis extus minutissime appresse 
puberulis intus papillatis; antheris exterioribus subtrape- 
zoideis bene stipitatis (filamentos 4% aequantibus) ca. 0.125 cm. 
longis introrsis mediis similibus sed extrorsis interioribus 
sterilibus subquadratis subsessilibusque ca. 0.05 cm. diametro 
metientibus omnibus eglandulosis; ovario ovoideo ca. 0.125 em. 
longo glabro quam stylo dimidio breviore; baccis crasse ellip- 
soideis 2.5 cm. longis ca. 1 cm. diametro metientibus, cupulae 
incrassatae segmentis late deltoideis ca. 0.3 cm. longis patenti- 
bus.—Curriqui: wooded hillsides near eastern banks of the 
Rio Chiriqui Viejo, Monte Lirio, July 11, 1935, Seibert 307 
(Herb. Missouri Bot. Garden, tyPr). 

Superficially similar to 0. veraguensis Mez, but differing in 
such technical characters as the stipitate stamens and peculiar 
staminodia. Named in honor of Mr. Hugh J. White, our host 
while at Monte Lirio, who has found the timber of this tree to 
be excellent for cabinet work. Mr. White reports the native 
name to be ‘‘ Bambita.’’ 


CUNONIACEAE 


Wernmannia Prnnata L. Chiriqui: epiphytic shrubs near 
the banks of the Rio Chiriqui Viejo, at Monte Lirio (Seibert 
288). Relatively rare. This is apparently the first record for 
this species from Panama, bringing more nearly together the 
range as previously known from southern Mexico to Costa 
Rica, and from Colombia to Brazil. Also indigenous to the 
Antilles. 

ROSACEAE 
Determined by L. H. Bailey (Ithaca, N. Y.) 


Rusus eutaucus Benth. Chiriqui: relatively abundant in 
hillside thickets about Cerro Punta (Seibert 264). Apparently 
the first record of this species outside of Colombia from whence 
it was originally described. The fruits are delicious and larger 
than those of many cultivated raspberries; they are much 
prized by the inhabitants of the region about Cerro Punta. 
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OXALIDACEAE 


Oxalis (Ionoxalis) chiriquensis Woodson, spec. nov., acaulis; 
bulbis 0.5-0.8 cm. diam. subglobosis, squamis ovatis acuminatis 
0.4-0.7 em. longis plerisque 3-costatis; foliis parum numerosis 
3-foliolatis, foliolis obcordato-subreniformibus sinu latissimo 
usque ad 14 minusve excisis delicate membranaceis omnino 
viridulis supra glaberrimis subtus sparsissime pilosis 1.5- 
3.5 cm. longis 2.5-5.5 em. latis; petiolis 5-30 cm. longis glaber- 
rimis; pedunculis 12-30 cm. longis glabris apice umbellam sim- 
plicem ca. 3-10-floram gerentibus; bracteis ovato-lanceolatis 
acuminatis 0.2-0.3 em. longis scariaceis sparse pilosulis apice 
saepe tuberculatis; pedicellis 1.5-3.0 cm. longis tenuissimis 
glaberrimis; sepalis oblongo-lanceolatis obtusiusculis 0.4 
0.45 em. longis glabris apice tuberculis linearibus aurantiacis 
2 instructis; petalis pallide violaceis obovatis apice rotundatis 
integris 1.3-1.6 cm. longis; staminis filamentis minoribus gla- 
bris maioribus puberulis usque ad 14 parte inferiore vel infra 
appendiculatis; stylis manifeste pilosulis; fructibus ignotis.— 
Currigui: in rocky crevices, gorge of the upper Rio Chiriqui 
Viejo, about 1 mile below Monte Lirio, July 5, 1935, Seibert 222 
(Herb. Missouri Bot. Garden, Type). 

This species keys to the neighborhood of O. discolor Klotzsch 
in Knuth’s recent revision of the genus. The latter, however, 
is distinguished from O. chiriquensis by its larger bulbs with 
narrower scales, its leaves which are proportionally more 
nearly cordate and more densely pubescent beneath, and its 
glabrous style, in addition to other characters. Ozalis discolor 
is at present known only from southern Mexico. Ovzalis valli- 
cola Rose, another Mexican species evidently closely related to 
O. chiriquensis, is distinguishable from it by means of its multi- 
costate bulb scales, shorter corolla in proportion to the calyx, 
and smaller leaves which are conspicuously heavier in texture. 


POLYGALACEAE 
Determined by 8. F. Blake (Washington) 


PotyeaLa LEPTocAULIs T. & G. Coclé: tussocks in bogs, El 
Valle de Antén (Seibert 488). Widespread from southern 
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Louisiana and Texas to South America, but previously un- 
known from Panama. 


VITACEAE 


Cissus Martiniana Woodson & Seibert, spec. nov., fruticulo- 
sus humilis haud scandens; ramis ramulisque sat gracilibus 
juventate irregulariter ferrugineo-hispidulis mox glabratis; 
foliis manifeste petiolatis 3-foliolatis foliolis firmiter mem- 
branaceis opacis glabris apicem versus inconspicue inciso- 
denticulatis subsessilibus terminale obovato-elliptico apice ob- 
tusissimo saepius minutissime mucronulato basi aequilateral- 
iter attenuato 3.04.5 em. longo 2.0-2.5 cm. lato lateralibus 
oblique obovato-oblongis apice obtusissimis saepius minutis- 
sime mucronulatis basi inaequilateraliter attenuatis 2.5-4.0 cm. 
longis 1.0-2.5 cm. latis; petiolis 1.5-2.5 cm. longis glabris 
rariusve sparse ferrugineo-hispidulis; stipulis persistentibus 
late obovatis rotundatis subcoriaceis 0.15-0.3 cm. longis sae- 
pius sparse irregulariterque ferrugineo-hispidulis; cymis pe- 
dunculatis folio opposito multo brevioribus corymbiformibus 
repetite di-trichotomis, pedunculis irregulariter ferrugineo- 
hispidulis ; pedicellis 0.2-0.25 cm. longis glabris rariusve spar- 
sissime ferrugineo-pilosulis ; calycis lobis 4 brevissime subreni- 
formibus rotundatis patulis ca. 0.02 cm. longis glabris vel mar- 
gine minutissime ciliolatis ; corolla urceolata dilute viride tubo 
0.08 cm. longo ca. 0.1 cm. diametro metiente extus glabro, lobis 
4 ovato-triangulatis plus minusve conniventibus 0.1 em. longis 
apice extus minute papillatis; baccis obovato-oliviformibus 
saturate viridibus (immaturis?) glaberrimis ca. 0.5-0.8 cm. 
diametro metientibus 1-2-spermis.—Cumigui: wooded banks 
of Rio Chiriqui Viejo, near Monte Lirio, alt. about 5000 ft., July 
7, 1935, Seibert 241 (Herb. Missouri Bot. Garden, Type). 

C. Martiniana is evidently closely related to C. salutaris 
HBK., but is immediately distinguishable by its much smaller, 
pale green flowers, smaller berries, and general habit. The 
several plants which we observed averaged about 5 dm. in 
height. Athough the branches tend to become somewhat lax 
and even procumbent, no tendrils have been found. The spe- 





[Vou 24 
192 ANNALS OF THE MISSOURI BOTANICAL GARDEN 


cies commemorates our congenial and stimulating companion 
at Monte Lirio, Professor George W. Martin. 


GUTTIFERAE 


Hypericum FasticiatuM HBK. Chiriqui: common upon the 
Llanos del Voleén (Seibert 327). There appears to be no 
record of this species from south of Mexico. Upon the Llanos 
it is usually associated with H. gnidioides Seem. (Seibert 349). 


PASSIFLORACEAE 
Determined by E. P. Killip (Washington) 


Passtrtora aPetaLa Killip. Chiriqui: valley of the upper 
Rio Chiriqui Viejo, near Monte Lirio (Seibert 160). Previ- 
ously unknown outside Costa Rica. Flowers of this species 


are a pale green slightly tinged with yellow. An occasional 
suffrutescent vine of thickets. 


THYMELAEACEAE 
Determined by P. C. Standley (Chicago) 


Daphnopsis Seibertii Standl., spec. nov. Arbor 7—10-metra- 
lis, ramulis crassiusculis teretibus, vetustioribus nigrescenti- 
bus rugulosis sparse minute pallido-lenticellatis, internodiis 
brevibus, novellis glabris; folia alterna mediocria breviter pet- 
iolata in sicco tenuiter coriacea, petiolo crassiusculo 8-12 mm. 
longo sparse strigoso vel glabrato; lamina anguste oblongo- 
lanceolata 8-11 cm. longa 2.5-3.5 cm. longa apicem versus sen- 
sim angustata et acuminata vel anguste longissime attenuata, 
basi acuta vel acuminata et longe in petiolum decurrens, supra 
in sicco fusco-viridis glabra vel glabrata, nervis venisque con- 
spicuis sed vix prominulis, subtus fere concolor ubique sparse 
breviter strigosa vel glabrata, ad costam prominentem graci- 
lem dense strigosa, nervis lateralibus utroque latere circa 10 
angulo semirecto adscendentibus irregularibus obscuris vix 
prominulis juxta marginem conjunctis, venulis inconspicuis 
arcte reticulatis; flores masculi subcapitati, capitulis cymosis 
numerosis, cymis circa 4 cm. longis ubique dense ochraceo- 
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strigosis; calyx infundibuliformis 8 mm. longus extus dense 
minute tomentosus, lobis oblongo-ovatis obtusis patentibus vel 
subreflexis tubo fere triplo brevioribus intus tenuiter tomen- 
tosis; inflorescentia femina masculo similis dense multiflora, 
calyce 4 mm. tantum longo extus breviter strigoso, lobis sub- 
rotundatis intus basin versus glabris; drupae immaturae gla- 
brae ovoideae 6 mm. longae apiculatae—Cocté: El Valle de 
Antén and vicinity, alt. 500-700 m., July 23-27, 1935, R. J. Sei- 
bert 444 (Herb. Field Museum No. 814,030, rypz; duplicate in 
Herb. Missouri Bot. Garden); also Seibert 416 (staminate) 
from the same locality. 

I have seen no other member of the genus from southern 
Central America. Each of the Mexican species differs in 
several details from the Panama plant, which is marked espe- 
cially by its narrowly long-acuminate leaves. 


MELASTOMACEAE 
Determined by P. C. Standley (Chicago) 


Mouriria brunneicalyx Standl., spec. nov. Arbor 7-metralis 
praeter inflorescentiam omnino glabra, ramulis gracilibus ter- 
etibus fere laevibus, internodiis 4.5-7.5 cm. longis; folia ma- 


juscula papyracea brevissime petiolata, petiolo crasso vix 
3 mm. longo; lamina oblongo-ovalis 11-16 cm. longa 5.5—7 cm. 
longa apice subrotundata et breviter abrupte acuminata, acu- 
mine anguste triangulari 5 mm. longo, basj rotundata, supra 
sublucida in sicco olivacea, costa non elevata, nervis promi- 
nulis, subtus paullo pallidior, costa gracili elevata, nervis lat- 
eralibus utroque latere circa 11 tenerrimis angulo fere recto 
divergentibus juxta marginem in nervum tenuem collectivum 
conjunctis, nervis aliis tenuioribus irregularibus inter pri- 
marios interpositis; flores (delapsi tantum visi) albi brunneo 
tincti, pedicellis ad 7 mm. longis brunneo-tomentellis, calycis 
tubo obconico-campanulato basi acutiusculo 7 mm. longo extus 
dense brunneo-tomentello, sepalis aequilongis triangulari- 
ovatis acutis extus tomentellis intus tenuius tomentellis; petala 
perfecta non visa 8 mm. longa vel ultra; filamenta inaequalia 
gracilia glabra, antheris 5 mm. longis—Panami: vicinity of 
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Arenoso, lower Rio Trinidad, 25-50 m., Aug. 7-10, 1935, R. J. 
Seibert 609 (Herb. Field Museum, No. 814, 037, rypz; duplicate 
in Herb. Missouri Bot. Garden). 

The only other species of the region, Mouriria parvifolia 
Benth., is altogether different in its small, ovate leaves and 
small flowers; nor is M. brunneicalyx closely related to any 
other species of the genus known from Central America. 


ONAGRACEAE 


Fuchsia Hemsleyana Woodson & Seibert, spec. nov., fruti- 
cosa 2-3 m. alta; ramulis dense luteo-puberulis maturitate cor- 
tice brunneis tenuiter rimosis; foliis oppositis rariusve alter- 
natis petiolatis rhomboideo-ellipticis apice acutis basi latius- 
cule cuneatis margine sinuo-dentatis 1.2-3.0 em. longis 0.7- 
1.0 cm. latis firme membranaceis omnino glaberrimis; petiolis 
0.3-0.6 cm. longis sparse minutissimeque pilosulis; inflores- 
centiis lateralibus 1-2-floris, pedunculo nullo; pedicellis ca. 
0.4 em. longis tenuissime sed valde puberulis; calycis tubo 
anguste subtubuloso, cum ovario globoso ca. 0.125 cm. longo, ¢a. 
0.7 em. longo, faucibus ca. 0.1 cm. diametro metientibus, extus 
tenuissime puberulo imo densius colore delicate roseo, lobis 
anguste ovato-trigonalibus apice attenuatis ca. 0.4 cm. longis 
patulis colore saturate roseis glabriusculis; petalis oblongo- 
obovatis apice integris rotundatis obtusiusculisve ca. 0.25 em. 
longis erectis paulplo patulisve dilute roseis glabris; stamini- 
bus 8 calycis faucibus biseriatim insertis omnino inclusis, fila- 
mentis brevissimis, antheris late oblongoideis ca. 0.12 cm. 
longis; stigmate indistincte 4-maniculato vix 0.1 em. longo 
valde exserto; fructibus baccatis subglobosis ca. 0.3 em. diam- 
etro metientibus atropurpureis glabris; seminibus numerosis 
gibbosis ca. 0.2 cm. longis laevibus. CuHtrigui: wooded banks 
of Rio Chiriqui Viejo, near Monte Lirio, alt. about 5500 ft., 
June 28, 1935, Seibert 162 (Herb. Missouri Bot. Garden, type). 

Most closely related to F. Seleriana Loes. of Guatemala, with 
pubescent foliage which is frequently ternate or quaternate 
and much shorter pedicels, and F. miata Hemsl. of southern 
Mexico, with conspicuously larger, glabrous flowers. In de- 
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scribing F. miata Hemsley (Biol. Centr.-Am. Bot. 1: 459. 
1879) cited in addition to his type from Mt. Orizaba, Mexico, 
a specimen from the volcano of Chiriqui (Seemann 1226 in 
Hb. Kew.) with the comment ‘‘The specimens from Chiriqui 
are apparently of the same species, but they are destitute of 
flowers.’’ It seems altogether likely that F. Hemsleyana is 
conspecific with Seemann’s specimen from Chiriqui, although 
it has not been available for examination. If so, it is not sur- 
prising that Hemsley thought the plants from Orizaba and 
those from Chiriqui identical, as the foliage is closely similar. 
The plate in the ‘Biologia,’ as well as recent collections from 
near the type locality of F. mixta, however, certainly support 
the specificity of F. Hemsleyana. The flowers of the latter, as 
well as of F. mixta and F. Seleriana, are apparently unisexual. 

Fuchsia pulchella Woodson & Seibert, spec. nov., fruticosa 
ca. 1.5-2.0 m. alta; ramulis teretibus gracillimis juventate mi- 
nutissime puberulo-papillatis mox glabratis maturitate cortice 
brunneis tenuiter rimosis; foliis oppositis petiolatis obovato- 
rhombiformibus apice obtusiusculis basi anguste cuneatis 
margine remote sinuo-dentatis 1.5-3.5 cm. longis tenuiter 
membranaceis utrinque glabris; petiolis 0.7-1.0 cm. longis mi- 
nutissime puberulo-papillatis; inflorescentiis unifloris axillari- 
bus, pedunculo subnullo; pedicellis ca. 0.4 em. longis minutis- 
sime puberulo-papillatis; calycis tubo anguste tubulo-campan- 
ulato cum ovario late ovoideo ca. 0.1 cm. longo sparse minutis- 
simeque pilosulo 0.65-0.7 em. longo, faucibus ca. 0.15 cm. dia- 
metro metientibus, colore dilute auriantiaco extus ovario ex- 
cepto glaberrimo, lobis anguste ovato-trigonalibus longe acu- 
minatis 0.45-0.5 em. longis patulis glabris colore roseis; petalis 
late oblongo-obovatis apice rotundatis 0.4 em. longis paululo 
patulis colore dilute roseis ; staminibus 8 calycis faucibus biser- 
iatim insertis, filamentis brevissimis, antheris ovoideis vix 
0.1 em. longis; stigmate breviter 4-maniculato ca. 0.1 em. longo 
valde exserto; fructibus ignotis. CHiiqui: wooded banks of 
Rio Chiriqui Viejo about 1 mile below Monte Lirio, alt. about 
5000 ft., June 30, 1935, Seibert 182 (Herb. Missouri Bot. Gar- 
den, TYPE). 
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This species is closely related to F. Seleriana Loes. of Guate- 
mala and F. Hemsleyana which occurs in the valley of the up- 
per Rio Chiriqui Viejo as well (Seibert 162). From the former 
F. pulchella may be distinguished by the glabrous foliage, and 
smaller, glabrous flowers; from the latter by the membrana- 
ceous texture of the foliage, essentially glabrous stems, and 
relatively more conspicuous petals. The flowering material 
available for collection was insufficient to determine whether 
the flowers are unisexual, polygamous, or polygamodioecious. 

Fucusta anBorEscens Sims. Chiriqui: valley of the upper 
Rio Chiriqui Viejo, near Monte Lirio (Seibert 246). Previ- 
ously known from southern Mexico, Guatemala, and Costa 
Rica. In the vicinity of Monte Lirio this species attains the 
stature of small trees as tall as 6 m., frequently forming 
thickets. Existing descriptions fail to note that the flowers 
are predominantly polygamodioecious; separate plants bear- 
ing predominantly incipient staminate or pistillate flowers, 
particularly noticeable in the fruiting season. Flowers ca- 
pable of producing berries are characterized by somewhat 
larger stigmata and smaller anthers than those which are ap- 
parently incapable of fructification. Furthermore, the whole 
flower of the latter type is noticeably larger than that of the 
former, at first leading an observer to suspect the existence 


of two distinct species. The pollen of either type is apparently 
fertile and uniform. 


ARALIACEAE 
Determined by P. C. Standley (Chicago) 


Gilibertia stenodonta Standl., spec. nov. Frutex 4-metralis 
omnino glaber, ramulis gracilibus ochraceis subteretibus in 
sicco crasse striatis, internodiis elongatis; folia mediocria 
longe graciliter petiolata chartacea, petiolo 2.5-5 cm. longo; 
lamina oblonga vel rarius oblanceolato-oblonga 14-21 cm. 
longa 4-6 cm. lata subabrupte longe anguste acuminata, acu- 
mine anguste attenuata, basi acuta, interdum uno latere ob- 
scure breviter lobata, remote serrata, serrationibus patentibus 
vel adscendentibus linearibus 2-4 mm. longis, supra in sicco 
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obscure viridis, subtus paullo pallidior, costa gracili promi- 
nente, nervis lateralibus utroque latere circa 9 gracillimis an- 
gulo lato adscendentibus in marginem desinentibus; flores um- 
bellati, umbellis ut videtur circa 5 multifloris racemum brevem 
terminalem breviter pedunculatum efformantibus, pedicellis 
gracillimis rectis ad 4 mm. longis; calyx 0.6 mm. longus brev- 
iter dentatus basi acutus, petalis vix ultra 1 mm. longis ellip- 
tico-ovatis subobtusis viridi-ochroleucis; filamenta petalis 
paullo longiora, antheris brevibus ovoideis.—Canau Zone: vi- 
cinity of Gold Creek, 4 miles northeast of Gamboa, Aug. 4, 
1935, R. J. Seibert 592 (Herb. Field Museum, No. 814,031, rrPz; 
duplicate in Herb. Missouri Bot. Garden). 

In the remote subulate teeth of the leaf blades this species 
is conspicuously different from the common Gilibertia arborea 
(L.) March. of the Canal Zone region, as well as from other 
Central American members of the genus. 


ERICACEAE 


Pernettya cormacea Klotzsch. Chiriqui: Llanos del Volcan 
(Seibert 322). A poorly known species originally described 
from ‘‘the highest mountains’’ of Costa Rica. The plants are 
abundant in thickets of the lava fields between the Rio Chiriqui 
Viejo and the Volean del Chiriqui. 

CavenpisHia Smitum Hoer. Chiriqui: gorge of the Rio 
Chiriqui Viejo below Paso Ancho (Seibert 321). A. C. Smith 
cites but one specimen of this species from Panama, an un- 
numbered collection by Bridges, with merely the notation 
‘‘Veraguas,’’ an old name including practically all of western 
Panama. We have found numerous epiphytic shrubs referable 
to this species about the gorge of the Rio Chiriqui Viejo as it 
passes through the Llanos del Voleaén. The corollas are bright 
rose-pink ; the leaves of a pale yellowish green are usually in- 
fested beneath by a species of Haplographium, giving the 
aspect of an irregular, glandular-punctate indument. 

CavENDISHIA WERCKLEI Hoer. Chiriqui: valley of the upper 
Rio Chiriqui Viejo, vicinity of Monte Lirio (Seibert 176). An 
epiphytic vine ; corolla reddish purple, flushed with violet-blue. 
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A. C. Smith writes of this specimen: ‘‘This plant has been 
carefully compared with Cavendishia Wercklet Hoer. It is 
slightly larger as regards petiole, leaf blade, and pedicel. 
Flowers are identical throughout except that the corollas of 
our specimens are soft pilose rather than glabrous. The form 
of the calyx is the best specific character of this group. I be. 
lieve that this specimen must be included in C. Wercklei but 
the pilose corolla has not previously been noted. It is likely 
that the specimens previously seen had lost such hairs. The 
description of this species in my paper (Contrib. U. S. Nat. 
Herb. 28: 455) should be modified to include this form, and a 
corresponding adjustment made in the key.”’ 


MYRSINACEAE 
Determined by P. C. Standley (Chicago) 


Ardisia Seibertii Standl., spec. nov. Frutex vel arbuscula 
omnino glabra, ramis crassiusculis ochraceis striatis, inter- 
nodiis brevibus vel elongatis; folia alterna mediocria brevis- 
sime petiolata subchartacea, petiolo crassissimo 4-7 mm. 
longo; lamina oblanceolato-oblonga vel obovato-oblonga 9.5- 
16 cm. longa 4-6 cm. lata acuta vel acuminata (apice perfecto 
non viso) basin versus sensim acute attenuata integra, supra in 
sicco fusco-viridis opaca, nervis inconspicuis, subtus paullo 
pallidior, costa gracili elevata, nervis lateralibus numerosis in- 
conspicuis vix prominulis prope marginem arcuato-conjunctis, 
ubique lineis nigrescentibus inaequilongis dense notata; flores 
albi majusculi umbellati, umbellis cymoso-paniculatis, inflores- 
centia laxa sessilis 9 em. longa 13 cm. lata, umbellis plerumque 
2-4-floris, pedicellis gracilibus rectis 1.5-2 em. longis; sepala 
5-6 mm. longa ovato-oblonga obtusa lineis brevibus latiusculis 
nigrescentibus dense picta; petala sepalis bene longiora ovata 
subsparse nigro-lineata; ovarium globosum glabrum.—Cocté: 
El Valle de Anton and vicinity, 500-700 m., July 23-27, 1935, 
R. J. Setbert 456 (Herb. Field Museum, No. 814,029, rypz; 
duplicate in Herb. Missouri Bot. Garden). 

The species is well marked by its more or less obovate leaves 
and large, umbellate-paniculate flowers. 
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ASCLEPIADACEAE 


Vincetoxicum chiriquense Woodson, spec. nov., fruticosa 
volubilis; ramulis teretibus graciliusculis glaberrimis; foliis 
oppositis longe petiolatis oblongo-ellipticis apice breviter sub- 
caudato-acuminatis basi late obtusis rotundatisve 10-14 cm. 
longis 3.5-6.0 em. latis firme membranaceis omnino glaberrimis 
supra nervo medio basi 2-glandulosis; inflorescentiis alternato- 
lateralibus subumbellatis flores mediocres virides 2-5 gerenti- 
bus; pedunculo petiolo paulo breviore glaberrimo; pedicellis 
9-3 em. longis; bracteis ovato-lanceolatis minimis caducis; 
ealycis laciniis ovato-ellipticis acutis 0.5 cm. longis glaberrimis 
glandulas solitarias minutas alternatas gerentibus; corollae 
rotatae tubo basi ca. 0.15 cm. diametro metiente intus extusque 
glabro, lobis late ovatis obtusis omnino viridibus 0.9-1.0 cm. 
longis extus glaberrimis intus minutissime papillatis; gyno- 
stegio brevissime stipitato; polliniis ovoideis cum caudiculis 
paulo elatis ca. 0.075 cm. longis subpendulis, corpusculo ca. 
0.025 em. longo; coronae cucullis 5 pectinatis dentem callosem 
intus gerentibus ca. 0.05 cm. longis; stigmate pentagone plano 
obscurissime 2-lobato ca. 0.2 em. diametro metiente; ovariis 
ovoideis glabris; fructibus solitariis juventate late fusiformi- 
bus minute verrucosis glabris; seminibus ignotis.—Currigvi: 
valley of the upper Rio Chiriqui Viejo, near Monte Lirio, twin- 
ing in thickets near small stream, alt. about 5500 ft., July 5, 
1935, R. J. Setbert.231 (Herb. Missouri Bot. Garden, types). 

This species to some extent simulates the general aspect of 
V. viridiflorum (Meyer) Standl., which, however, is character- 
ized by a conspicuous vegetative indument and conspicuously 
cordate leaves. The internal callose projections of the pec- 
tinate corona scales set apart V. chiriquense from other neigh- 
boring species of Vincetoxicum. 

Funastrum Seibertii Woodson, spec. nov., fruticosa volubi- 
lis; ramulis teretibus graciliusculis juventate, minute denseque 
villosulis mox glabratis; foliis oppositis breviter petiolatis 
anguste oblongo-ellipticis apice breviter subcaudato-acumi- 
natis basi rotundatis haud cordatis 3.0-5.5 em. longis 0.5- 
1.5 cm. latis membranaceis supra glabriusculis viridibus nervo 
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medio basi inconspicue 2-glandulosis subtus inconspicue pilo- 
sulis paululo pallidioribus; petiolis 0.2-0.5 em. longis juven- 
tate inconspicue pilosulis tandem glabratis; inflorescentiis 
umbellatis alterno-lateralibus flores speciosos albidos 5-12 
gerentibus; pedunculo 4-6 cm. longo juventate minute puber- 
ulo mox glabrato; pedicellis 1.0-1.1 em. longis minute puber- 
ulis; bracteis minute ovatis scariaceis; calycis laciniis ovatis 
acuminatis 0.3 em. longis extus minute puberulis intus basi 
glandulas minutas solitarias alternatas gerentibus; corollae 
rotatae tubo brevissimo basi ca. 0.1 cm. diametro metiente 
faucibus paulo ampliatis, lobis ovatis acutis vel breviter acu- 
minatis 0.7 cm. longis patulis intus extusque minute papillatis 
margine exteriore conspicue ciliatis; gynostegio subsessile cum 
stigmate apiculato ca. 0.35 cm. alto; antheris ca. 0.25 cm. longis 
apice obtuse appendiculatis ibique inflexis; polliniis oblique 
oblongoideis ca. 0.1 cm. longis, caudiculis brevissimis, corpus- 
culo ca. 0.025 em. longo; coronae interioris segmenta inflata ob- 
lique ovoidea ca. 0.25 cm. longa; stigmate conspicue rostrato 
apice 2-fido; ovariis ovoideis ca. 0.25 cm. longis dense lanulosis; 
folliculis ignotis—PanamA: margins of the lower Rio Trini- 
dad near its confluence with Gatin Lake, Aug. 9, 1935, R. J. 
Seibert 637 (Herb. Missouri Bot. Garden, TyPr). 

Standley (Contrib. U. S. Nat. Herb. 27: 311. 1928) has re- 
ported the occurrence of F. clauswm (Jacq.) Schltr. from the 
Canal Zone, but from the available material in the herbarium 
of the Missouri Botanical Garden, I suspect that F. Seibertu 
is the species for which it has been mistaken, as it closely ap- 
proaches the latter in general habit, but may be distinguished 
easily by its nearly flat stigma and somewhat more nearly cori- 
aceous foliage. F'. clawsum is abundant in localities of north- 
ern Central America, but its occurrence further south is open 
to question. 

Metastelma glaberrimum Woodson, spec. nov., suffruticosa 
volubilis; ramis compressis irregulariter suberosis; ramulis 
teretibus gracillimis juventate inconspicuissime puberulis mox 
glabratis; foliis oppositis petiolatis anguste elliptico- vel ovato- 
lanceolatis apice acuminatis basi obtusis 2.0-4.5 em. longis 0.4- 
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1.4 cm. latis membranaceis glabris supra viridibus nervo medio 
basi minute 2-glandulosis subtus pallidioribus paululo glauces- 
centibus; petiolis 0.2-0.4 cm. longis juventate minutissime 
puberulis tandem glabratis; inflorescentiis alterno-lateralibus 
quam foliis multo brevioribus flores minutos albidos 1-4 ger- 
entibus; pedunculo 0.1-0.5 cm. longo minutissime puberulo; 
pedicellis ca. 0.2 cm. longis ut in pedunculo vestitis; bracteis 
minutissimis scariaceis vix bene visis; calycis laciniis ovatis 
obtusis rotundatisve ca, 0.08 cm. longis extus glabris intus cum 
sequentibus alternatis glandulas 2 minutas lanceolatas gerenti- 
bus; corollae campanulatae extus omnino glaberrimae tubo ca. 
0.07 cm. alto basi ca. 0.02 cm. diametro metiente faucibus usque 
0.1 cm. diametro ampliato, lobis ovatis late acutis vel obtusius- 
culis ca. 0.1 cm. longis extus glaberrimis intus minutissime 
papillatis fere glabris patulis; gynostegio sessile ca. 0.08 cm. 
alto; stigmate fere plano ca. 0.05 cm. diametro metiente; 
ovariis anguste ovoideis ca. 0.07 em. longis glabris; polliniis 
oblique pyriformibus cum caudiculis ca. 0.01 cm. longis cor- 
pusculum angustissimum fere aequantibus; coronae segmen- 
tis ovato-oblongis anguste acutis ca. 0.09 cm. longis; folliculis 
ignotis—Curiqui: valley of the upper Rio Chiriqui Viejo, 
near Monte Lirio, twining in thickets near small stream, alt. 
about 5500 ft., July 11, 1935, R. J. Seibert 300 (Herb. Missouri 
Bot. Garden, TYPE). 

Simulating M. pedunculare Dene. in general appearance. 
The latter species, however, is characterized by the corollas, 
which are densely villosulose within. 


CONVOLVULACEAE 


Ipomoza MuRiIcaTA Cav. Chiriqui: Llanos del Volcan (Sev- 
bert 341). Although this species is described in House’s mono- 
graph of Ipomoea as bearing only purple flowers (Ann. N. Y. 
Acad. Sci. 18: 233. 1909), and emphasis laid on that character 
in the key to species, white flowers frequently are produced 
amongst the purple at Llanos del Volcan, Chiriqui. This form 
may be designated as: 

Irpomorza Muricata Cav. forma alba Woodson & Seibert, f. 
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nov. A forma genuina corollis albis differt—Cuiniqui: 
Llanos del Volean, July 14, 1935, R. J. Setbert 341a (Herb. 
Missouri Bot. Garden, Tyrer). 


OROBANCHACEAE 


ConoPHOLIS AMERICANA Wallr. Chiriqui: valley of the up- 
per Rio Chiriqui Viejo, near Cerro Punta (Seibert 298). Pre- 
viously unknown south of México. Parasitic on roots of oak 
trees. The bracts of our specimen are somewhat broader than 


those of the herbarium representation from Mexico and the 
United States. 


GESNERIACEAE* 
Determined by C. V. Morton (Washington) 


ACHIMENES LoneIFLora DC. Coclé: moist stream bank near 
base of Cerro Valle Chiquito (Seibert 496). The plant called 
Achimenes panamensis (Seem.) Hemsl. by Standley (Contr. 
U. S. Nat. Herb. 27: 345. 1928) has a wholly superior ovary, 
and consequently belongs in a different subfamily from the 
genus Achimenes. Seemann correctly placed his species in 
Nautilocalyx, which, as shown by Sprague (Kew Bull. 85-90. 
1912), is essentially different from Episcia in which it was 
formerly included. Nautilocalyx panamensis will not ‘‘run 
down’’ in Standley’s key because the characters given there 
are those of true Achimenes. 

Diastema exiguum Morton, spec. nov. Herba tenera usque 
ad 17 cm. alta; caules parce pilosuli; folia opposita, aequalia, 
longe petiolata, petiolo usque ad 4.7 cm. longo, parce pilosulo; 
lamina foliorum late elliptica, membranacea, usque ad 10 cm. 
longa et 5.5 cm. lata, apice acuta, basi obliqua obtusa vel ro- 
tundata, fere usque ad basin perspicue dentata, supra viridis, 
parcissime pilosula, subtus pallida, minute et sparse substri- 
gosa, venis primariis ca. 7-jugis, vix elevatis; inflorescentiae 
axillares, racemosae, basi foliiferae, usque ad 8 cm. longae sed 
plerumque breviores, rhachibus rubescentibus, glabris, brac- 
teatis, bracteis variis, plerumque oblongis, saepe plus minusve 


? Published by permission of the Secretary of the Smithsonian Institution. 
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denticulatis, pedicellis gracilibus, rubescentibus usque ad 
9.4 em. longis, glabris; calycis lobi aequales, liberi, oblongo- 
lanceolati, ca. 5 mm. longi, 1.5 mm. lati, apice acuti et paullo 
incrassati, utrinque parce pilosuli, integri, 3-nervii; corolla 
hypocrateriformis, externe alba (fauce intus lutea), ca. 2 cm. 
longa, externe parce substrigosa, intus glabra, tubo erecto, 
ecalcarato, non ventricoso, ca. 4 mm. diam., limbo patente, ca. 
12 mm. lato, vix 2-labiato, lobis subaequalibus, rotundatis; 
stamina 4, didynama, filamentis liberis, non contortis, ca. 1 cm. 
longis, gracillimis, glabris, antheris liberis, connectivis trans- 
verse oblongis, loculis orbicularibus; discus e glandulis 5 max- 
imis lineari-subulatis ca. 1.3 mm. longis glabris; ovarium semi- 
inferum, parte adnata turbinata, 1.5 mm. longa, glabra, parte 
libera ovoidea, sursum minute puberulenta; stylus 8.5 mm. 
longus, crassiusculus, glaber.—Canau Zone: vicinity of Las 
Cruces, alt. 26-40 m., Aug. 1, 1935, R. J. Setbert 579 (U.S. Nat. 
Herb. No. 1,635,942, type). 

I have seen the following additional specimens, both from 
the Canal Zone: near Gatun: Standley 27223; Barro Colorado 
Island, Kenoyer 539a. Of the numerous species of Diastema, 
the most closely related is doubtless D. bracteosum (Oerst.) 
Hanst., which has flowers not half as large, and the leaves and 
stems more strongly hirsute. 

Diastema exiguum is the species identified and described as 
Napeanthus repens Donn. Sm. by Standley and others. Nape- 
anthus has not yet been collected in the Canal Zone; further- 
more N. repens, unknown outside Guatemala, is a typical 
member of the genus Phinaea, as has been shown clearly by 
Solereder (Bot. Centralbl. Beih. II. 24: 435. 1909). 

DiasteMa ExiGUUM Morton var. lilacinum Morton, var. nov. 
A var. typica corolla lilacina differt—Coc.#: vicinity of El 
Valle de Antén, alt. 500-700 m., July 23-27, 1935, R. J. Seibert 
432 (U.S. Nat. Herb. No. 1,635,926, rypr). 

Phinaea lacerata Morton, spec. nov. Herba tenerrima 9- 
13 em. alta, propagulis linearibus, gracilibus, squamulis parvis, 
rubescentibus, pubescentibus; caules erecti, non ramosi, sub- 
strigosi; folia approximata, opposita, petiolata, petiolo usque 
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ad 10 mm. longo; lamina foliorum elliptica, maxima 8 cm. longa 
et 3 cm. lata, apice acuminata, basi in petiolum attenuata, tenu- 
iter membranacea, grosse et duplicate lacerato-serrata vel in- 
cisa, supra parce pilosula, viridis, subtus pallidior, strigillosa, 
venis primariis 7—9-jugis; flores solitarii, axillares, longe pe- 
dunculati, pedunculo ca. 2.3 em. longo, filiformi, puberulo; 
calycis tubus obdeltoideus, brevissimus, pilosus, lobis liberis, 
lanceolatis, 3.5 mm. longis, 1.2 mm. latis, acuminatis, integris, 
utrinque pilosulis; corolla alba, rotata, stellata, fere actino- 
morpha, ca. 11 mm. lata, tubo 2 mm. longo, lobis oblongis, ca. 
4 mm. longis, rotundatis, externe sparse pilosulis; stamina 4, 
filamentis gracilibus, ca. 2.2 mm. longis, glabris, anterioribus 
curvatis, antheris quam filamentis multo brevioribus, connec- 
tivo crassiusculo, loculis discretis, rima brevi dehiscentibus; 
discus nullus; ovarium (pars libera) subglobosum, glabrum; 
stylus glaber, curvatus; fructus ignotus.—Currigui: valley of 
the upper Rio Chiriqui Viejo, vicinity of Monte Lirio, alt. 1300- 
1900 m., June 27—July 13, 1935, R. J. Setbert 316 (Herb. Mis- 
souri Bot. Garden, TyPr). 

Phinaea is one of the least known genera of Gesneriaceae. 
Seven species have been described, but most of these are known 
from single specimens only. Perhaps the most closely re- 
lated is Phinaea caripensis (Klotzsch) Solereder, of Vene- 
zuela, which has similar deeply cut, doubly-serrate leaves; but 
these are sessile, whereas those of P. lacerata are distinctly 
petiolate. 

Alloplectus rubida Morton, spec. nov. Caules adscendentes, 
sublignosi, saepe basi radiculosi, ca. 6 mm. diam., non ramosi, 
apicem versus foliiferi, hornotini pilosi, annotini glabri, cor- 
tice valde irregulari, longitudinaliter striato et saepe subalato; 
folia opposita, subaequalia, petiolata, petiolo usque ad 1.7 cm. 
longo, dense piloso; lamina foliorum ovata vel subrhombea, 
usque ad 16 cm. longa et 7 cm. lata, utrinque rubescens, mem- 
branacea, perspicue serrato-denticulata, apice acuta vel acu- 
minata, basi in petiolum decurrens, supra pilosa, pilis rubris, 
flaccidis, multiseptatis, subtus in venis pilosa, pilis multisep- 
tatis, flaccidis, rubescentibus, in mesophyllo substrigosa, pilis 
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rigidis, acuminatis, bicellularibus, cellula basali brevi, rubes- 
cente, cellula terminali alba, magna, venis primariis 8-9 jugis; 
flores solitarii, axillares, pedunculati, pedunculo petiolum sup- 
erante, 2-2.5 em. longo, piloso, ebracteato; calycis lobi liberi, 
aequales, erecti, rubri, lanceolati, ca. 15 mm. longi et 5 mm. 
basi lati, longe subulato-acuminati, externe longe pilosi, intus 
pilosuli, omnes perspicue serrati, dentibus utroque latere ca. 5, 
subulatis; corolla flava, erecta, 3.3-3.8 cm. longa, basi non cal- 
carata, 5.5 mm. diam., sursum in medio inflata, ca. 10 mm. 
diam., faucem versus contracta, hic 7 mm. diam., limbo paullo 
obliquo, lobo inferiore érecto, semiorbiculari, apice mucronato, 
lobis lateralibus rotundatis, semiorbicularibus, ca. 2.5 mm. 
longis et 4 mm. basi latis, erectis, lobis superioribus ex toto con- 
natis, ca. 2.5 mm. longis, 8 mm. latis, truncatis, leviter undu- 
latis, corollae tubo et limbo externe strigoso, intus basi pilo- 
sulo, superne glabro; stamina 4, didynama, inclusa, filamentis 
basi in tubum 8 mm. altum postice fissum connatis, partibus 
liberis parce pilosulis, declinatis, antheris liberis, connectivis 
orbicularibus, loculis contiguis, discretis; discus ex glandulis 
5 liberis crassiusculis suborbicularibus constatus; ovarium 
ovoideum, longe pilosum; stylus 3 em. longus, glaber; placen- 
tae bilamellatae, intus solum ovuliferae; fructus ignotus.— 
Cuirigui: valley of the upper Rio Chiriqui Viejo, vicinity of 
Monte Lirio, alt. 1300-1900 m., June 28, 1935, R. J. Seibert 141 
(U. S. Nat. Herb. 1,635,909, rypr). 

The nearest relationship of Alloplectus rubida is perhaps 
with A. ichthyoderma Hanst., but that species differs in nu- 
merous points, notably in its many-flowered, congested inflo- 
rescences, in its short peduncles (shorter than the petioles), 
and its much smaller, differently shaped corollas. 


ACANTHACEAE? 
Determined by E. C. Leonard (Washington) 


Aphelandra Seibertii Leonard, spec. nov. Herba; caulis sim- 
plex, basi procumbens, nodis infimis radicans, pilosus; folia 
oblongo-elliptica, apice obtusa, basi angustata, integra vel un- 


* Published by permission of the Secretary of the Smithsonian Institution. 
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dulata, utrinque laxe pilosa; spicae terminales, pedunculatae; 
bracteae imbricatae, adpressae vel demum patentes, serratae, 
pilosulae; bracteolae lanceolatae, acuminatae, carinatae, hir- 
sutae; calycis laciniae lanceolatae vel subulatae, subaequales, 
striatae; corolla minute pubescens, flava, lobis lilacinis. 

Herb up to 20 em. high, the stem simple, ascending, rooting 
at the lower nodes, pilose, the hairs spreading or ascending, up 
to 1 mm. long; petioles 1 to 1.5 em. long, densely pilose; leaf 
blades oblong-elliptic, 2 to 9 em. long, 1.5 to 5 em. wide, obtuse 
at apex, narrowed at base, entire or undulate, both surfaces 
thinly pilose, the costa and lateral veins (6 or 7 pairs) densely 
so; flowers borne in one to several terminal spikes 4 to 8 cm. 
long, the peduncle 3 to 5 em. long, densely pilose, the hairs yel- 
lowish, sometimes retrorse; rachis pilose; bracts purplish at 
tip, closely imbricate and appressed (at length spreading), 
bearing above the middle on each side 2 or 3 narrow erect- 
spreading teeth up to 1.5 mm. long, 7-nerved, pubescent with- 
out, glabrous or minutely pubescent toward tip within; bract- 
lets lanceolate, 8 mm. long, 1.5 mm. wide, acuminate, carinate 
and conduplicate subhyaline, delicately nerved, the costa 
hirsute, the margins sparingly ciliolate with minute capitate 
hairs ; calyx segments subhyaline, striate-nerved, the posterior 
segment lanceolate, 6.5 mm. long, 1.5 mm. wide, the anterior 
pair narrowly lanceolate, 6.6 mm. long and 1 mm. wide, the mid- 
dle pair subulate, 5.5 mm. long and 0.5 mm. wide, all sparingly 
ciliolate with minute capitate hairs; corolla 2 cm. long, finely 
and sparingly pubescent, yellow, the lobes tipped with lav- 
ender, the tube slender, 1.5 cm. long, 1.5 mm. in diameter at 
base, about 3 mm. at mouth, the limb about 13 mm. in diameter, 
the lobes rounded or emarginate; stamens slightly exserted; 
ovary cylindric, 2.5 mm. long, glabrous below, pilose at tip; 
style 17 mm. long, minutely pubescent toward base, the hairs 
spreading; capsules about 1 cm. long, cylindric, glabrous ex- 
cept for the pilose tip, 4-seeded, the valves of the capsule re- 
curved after dehiscence; retinacula 2 mm. long, cucullate at 
tip; seed obovoid, acute at base, light brown, 3 mm. long, 2.5 
mm. wide, bearing scattered, minute, short, thick, hair-like pro- 
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Fig. 1. Aphelandra Seibertii Leonard. A, plant, half natural size; B, bract; 
C, bractlet; D, posterior, middle, and anterior calyx segments. (B, C, D, twice 
natural size.) 
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jections.—Coc.é: vicinity of El Valle de Anton, alt. 500-700 
m., July 24, 1935, R. J. Seibert 460 (U. S. Nat. Herb. No. 1,635,- 
928, TYPE). 

The following additional specimens, all lacking corollas, are 
in the U. 8. National Herbarium: Costa Rica: in wet forests, 
La Colombiana Farm of the United Fruit Co., alt. about 70 m., 
Standley 36783, 36966; Plaines de la Estrella, Talamanca, 
T onduz 9348. 

Although related to several South American species, A phel- 
andra Seibert apparently has no close relatives in Central 
America. The shape and relationship of the corolla lobes 


cannot be determined satisfactorily from the scant material at 
hand. 


RUBIACEAE 
Determined by P. C. Standley (Chicago) 


Appunia Seibertii Standl., spec. nov. Frutex 2-metralis 
ramosus, ramis gracilibus subteretibus in sicco fuscis, novellis 
asperulis et minutissime puberulis, internodiis 2-5.5 ecm. 
longis; stipulae persistentes circa 7 mm. longae e basi late tri- 
angulari subulato-attenuatae adpressae; folia longiuscule peti- 
olata firme membranacea opposita, petiolo 1-2.5 em. longo in- 
terdum fere ad basin alato minute puberulo; lamina oblongo- 
lanceolata 10-15 cm. longa 2.5-5 cm. lata longe sensim atten- 
uato-acuminata, prope basin subabrupte contracta et longe ad 
petiolum decurrens, supra in sicco viridis vel fusco-viridis 
tactu asperula et minutissime scaberula vel glabrata, costa pal- 
lida prominente, nervis manifestis sed vix elevatis, subtus 
paullo pallidior ubique subdense scaberulo-asperula, costa gra- 
cili elevata, nervis lateralibus utroque latere circa 9 arcuatis 
gracillimis angulo lato adscendentibus prope marginem arcu- 
ato-conjunctis; capitula florum in axillis supremis geminata 
densa pauciflora, pedunculis gracilibus 15-18 mm. longis mi- 
nute scaberulis, floribus arcte sessilibus; calyx cum hypanthio 
1.5 mm. longus truncatus glaber; corolla alba extus glabra 
circa 7 mm. longa, lobis late oblongis tubo duplo brevioribus.— 
Panam: vicinity of Arenoso, lower Rio Trinidad, alt. 25-50 
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m., Aug. 7-10, 1935, R. J. Seibert 624 (Herb. Field Museum, No. 
814,061, Type; duplicate in Herb. Missouri Bot. Garden). 

Of the plants collected in Panama in 1935 by Mr. R. J. Seibert 
only a small number were submitted to the writer for deter- 
mination, but of these a high percentage consisted of very rare 
or otherwise interesting species. Probably the most interest- 
ing to the writer is the one here described as new, a representa- 
tive of one of the smallest genera of Rubiaceae. Most of the 
members of the genus are natives of the Guianas and are amply 
distinct from the Panama plant. The only North American 
Appunia is A. guatemalensis Donn. Smith of Guatemala and 
British Honduras. Although much like A. Seibertu in general 
appearance (all the species of the genus are very similar in 
appearance), it is clearly different in its short-petiolate leaves, 
which have no trace of pubescence but instead are quite smooth 
to the touch. 


LOBELIACEAE 
Determined by F. E. Wimmer (Wien) 


Centropogon diocleus EK. Wimm., spec. nov. Herba erecta 
2-3 m. alta. Caulis fistulosus teres inferne glaber superne hir- 


tellus verisimiliter ramosus. Folia petiolata herbacea luteo- 
viridia supra glabra subtus pallidiora et hirtella imprimis in 
nervis et venis. Nervi inferiores folii sub angulo recto supe- 
riores sub angulo fere semi-recto ascendentes. Lamina folii 
elliptica. interdum subovat-ovalis 8-13 cm. lg. et 5-7 cm. It. 
apice subacuminata et obtusa ad basin subrotundata et in peti- 
olum alatum acuminata margine undulato-dentata et callose 
denticulata. Petiolus subcrassus hirtellus er. 1.5 em. lg. Flores 
solitarii in axillis foliorum superiorum. Pedicelli hirtelli 4.0— 
4.5 em. longi cr. 1.5 em. supra basin bracteolis 2 oppositis sub- 
linearibus 0.7 cm. longis ornati. Hypanthium depresso-glo- 
bosum hirtellum. Sepala triangulari-linearis erecta 3-5- 
nervia subhirtella 1.4-1.6 cm. longa et basi 0.3-0.4 em. lata; 
sinus inter ea acuta. Corolla rosea subhirtella 3.0-3.5 cm. lg. 
et ad faucem inflatam cr. 1.0 em. in diam.; lobi corollae tri- 
angulares falcati 0.40.7 cm. lg. et basi 0.4 cm. It. Filamen- 
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torum tubus glaber ad apicem parce pubescens; antherarum 
tubus fuscus 0.7 em. lg. et 0.3 em. lt. subglaber; antherae 2 in- 
feriores cornutae. Bacca depresso-globosa cr. 1.2 cm. in diam. 
Semina subglobosa subcompressa cinereo-fusca vix 0.1 em. lg. 
—Cuirigui: valley of Rio Chiriqui Viejo, vicinity of Monte 
Lirio, District of Bugaba, along stream bank, alt. 1500 m., June 
27, 1936, R. J. Seibert 166 (Herb. Naturhist. Mus. Wien, rypz; 
Herb. Missouri Bot. Garden, tsoryPe). 


COMPOSITAE 
Determined by 8S. F. Blake (Washington) 


Potymnia Macutata Cay. Chiriqui: in clearings, valley of 
the upper Rio Chiriqui Viejo (Seibert 292). Previously 
known from southern Mexico. 
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This investigation was started at the University of Missouri 
as a preliminary list of the lichens of Boone County, Mo. At 
the Henry Shaw School of Botany it was extended to include 
nine other counties, and was conducted as a graduate research 
problem under the direction of Dr. C. W. Dodge. I am indebted 
to Dr. G. T. Moore for the facilities afforded by the herbarium 
and the excellent lichen library of the Missouri Botanical Gar- 
den. I am further indebted for the many courtesies extended 
by the staff; and especially to Dr. C. W. Dodge for helpful 
advice. 

The nomenclature used in this paper is that of Fink,’ except 
for the family Teloschistaceae, where that of Hillmann? was 
followed. No attempt is made to settle questions of nomen- 
clature or to give synonymy. Permanent slides of sections 
through the apothecia and thalli were made, and the determina- 
tions of the species checked with authentic herbarium material 
when this was possible. A duplicate set of specimens has been 
deposited in the Herbarium of the Missouri Botanical Garden. 

At the time the collections were made complete notes were 
taken of the ecological relation and habitat of each species. 
Lichens respond readily to any change in environment. The 
effect of sunlight on their abundance and fertility is notable. 
In the heavily wooded sections of the area studied, species be- 
longing to the families Parmeliaceae, Physciaceae, Caloplaca- 
ceae, Graphidaceae, and Teloschistaceae are rare and usually 


*Fink, Bruce. The lichen flora of the United States. Completed for publication 
by J. Hedrick. Ann Arbor, 1935. 


*Hillmann, von Johannes. Teloschistaceae. In L. Rabenhorst’s Kryptogamen- 
Flora 9: 6. Abt. Lief. 1. 1935. 


Issued April 30, 1937. 


ANN. Mo. Bor. Garp., Vou. 24, 1937. 
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sterile when they inhabit bark. The same species are very 
abundant and usually fertile when growing on trees of partly 
cleared fields or wooded pastures in the same neighborhood. 
Sunlight rather than moisture seems to be the chief factor 
in their development. The influence of sunlight on both fer- 
tility and development of the yellow pigment is definitely 
shown in Xanthoria parietina and Caloplaca microphylina. 
Where these lichens partly encircle a tree they will be bright 
yellow on the south side of the tree and green on the shaded 
side, demonstrating their inability to form the lichen-acid pari- 
etin in reduced sunlight. Dermatocarpon miniatum, Pannaria 
rubiginosa var. lanuginosa, and Sticta quercizans are species 
in which the amount of moisture is more nearly a limiting fac- 
tor than the amount of sunlight. Dermatocarpon miniatum is 
one of the lichens occurring in each of the counties studied. It 
always grows attached to rocks in moist shaded places, and in 
a few instances it has been collected on the north face of a bluff 
where the light of the sun never reaches it. 

The harmful effect of the gases of coal smoke on lichens is 
well known, but they are also injured by the gases from wood 
smoke even in relatively small amounts. In many of the 
wooded pastures, where it is the common practice to burn off 
the covering of leaves and dead grass during the early spring, 
lichens are definitely rarer and much less well developed than 
in adjoining areas which are not subject to burning. The in- 
jury could not be due to heat, except to lichens on the ground 
or on the bases of the tree trunks, for these fires are never 
large. Moreover, species like Parmelia Borreri, P. rudecta, 
and Physcia astroidea which normally form associations reach- 
ing from ten to fifteen feet above the surface of the ground, 
show definite injury. 

The most favorable locality in this region for finding fer- 
tile species has been the wooded bluffs of the larger streams. 
These bluffs naturally furnish a variety of light and moisture 
conditions and also are little grazed by stock, and are well 
removed from the destructive influences of smoke. The stabil- 
ity of the substrate also determines to a large measure the 
abundance of the lichen flora. Crumbling stones, trees which 
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shed their bark in small flakes or granules, and loose soil fur- 
nish a poor habitat. Many of the saxicolous lichens show a 
definite preference for certain types of rocks. There is no evi- 
dence that lichens prefer any particular species of tree. Those 
found on soil that has recently been disturbed are of the rapid- 
growing kind, like Cladonia pyazidata. 

The principal habitats of lichens in this area, together with 
their associations, have been noted under the eleven groups 
which follow: 


CHERT AND FLINT ROCKS 


Boone, Cole, Gasconade, and Washington Counties have 
many localities where erosion has removed the less resistant 
materials and left chert and flint rocks exposed. These rocks 
furnish a substrate suitable to a few species of lichens and are 
the only rock substrate which is not observably penetrated or 
marked by the hyphae or rhizoids of the lichen. The lichens 
found on flint and chert are: Acarospora citrina, Parmelia 
Borreri, P. hypotropa, P. saxatilis, Dermatocarpon miniatum, 
Rhizocarpon geographicum, and R. concentricum. However, 
there were so few that they could hardly be referred to as an 
association. 


SANDSTONE LEDGES AND ROCKS 


In scattered localities throughout each of the counties 
studied sandstone appears as isolated outcrops and ledges. 
When the sandstone is soft and easily weathered it supports a 
very meager lichen flora. When the matrix cementing the 
quartz grains is of calcareous material, the hyphae of the 
lichen may penetrate the surface of the stone to a depth of two 
centimeters. This is particularily noticeable with Parmelia 
saxatilis, When the matrix is an iron oxide there is but little 
penetration of the surface of the stone, but the solid surface 
supports a more varied lichen growth. Associations on sand- 
stone are: Parmelia saxatilis, P. Borreri, P. hypotropa, P. ru- 
decta, and Lecidea turgidula. Parmelia saxatilis usually domi- 
nates the association and at times crowds out the other species. 
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LIMESTONE LEDGES AND ROCKS 


Limestone is the most common type of rock in this region. 
There is hardly a locality without its appearance as bluffs, 
ledges, or loose rock. It supports a more varied lichen flora 
than any other substrate except the bark of living trees. 

There are two very definite associations of lichens found on 
limestone: the bluffs of rivers and larger streams, and ledges 
in dry upland woods. The association for the bluffs is: Lec- 
anora muralis, L. melanophthalma, Acarospora glaucocarpa, 
Lecidea cinnabarina, L. auriculata, and L. perproxima, with 
Lecanora muralis dominating. 

The ledges in dry upland woods usually have Parmelia saz- 
atilis as a dominant. The association is: Parmelia sazatilis, 
P. caperata, P. rudecta, Physcia lithotodes, and P. hispida. 
Verrucaria calciseda and Dermatocarpon miniatum are both 
to be found on limestone, but in damp shaded situations not 
favorable to the growth of the common associations. 


SOIL OF MOIST WOODS 


The soil of moist woods furnishes a habitat for the Cladonia 
association in which Cladonia pysxidata is usually dominant. 
Peltigera canina often appears but never in sufficient num- 
bers to dominate. The association is: Cladonia pyxidata, Cl. 


apodocarpa, Cl. cariosa, Cl. foliacea, Cl. bellidiflora, and Cl. 
fimbriata. 


SOIL OF DRY, ROCKY, WOODED HILLS 
Cladonia furcata var. racemosa is usually the dominant spe- 
cies found on the dry, rocky, wooded hills. The association is: 


Cladonia furcata var. racemosa, Cl. furcata var. pinnata, Cl. 
alpestris, Cl. cristatella, and Cl. pyxidata. 


SOIL OF GLADES AND ABANDONED FIELDS 


The soil of glades and abandoned fields does not support a 
very abundant lichen flora. There was no locality in which it 
was possible to consider the lichens an association. Cladonia 
pyxidata is the most common species. Dermatocarpon rufes- 
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cens occurs frequently in small raised clumps. Synechoblastus 
fascicularis is also occasionally found but never in abundance. 


BEDS OF SEASONAL WATER COURSES 


The rocky beds of water courses which carry water only 
after rains furnish a habitat for an association in which Le- 
cidea cinnabarina is usually dominant. The association is: Le- 
cidea cinnabarina, L. turgidula, and V errucaria calciseda. 


TRUNKS OF TREES IN DRY SUNNY WOODS 


The trunks of trees in dry, sunny woods support the most 
varied lichen flora of the entire region. There may be a colony 
of only one species or an association of as many as fourteen 
species on the same tree trunk. The most common association 
is: Parmelia rudecta, P. Borerri, Physcia astroidea. In the 
prairie sections of Boone, Cole, and Johnson Counties it is: 
Parmelia rudecta, P. hypotropa, Caloplaca microphylina, Xan- 
thoria partetina, Physcia astroidea, and Pertusaria marginata. 


SHADED TREE TRUNKS 


The lichen flora of the shaded tree-trunks is generally 
meagre. The lichens associated in this habitat are: Graphis 
scripta, Lecidea flexuosa, Catillaria Laureri, and Pannaria ru- 
biginosa var. lanuginosa. On the bark of the trees there is 
usually a luxuriant growth of Protococcus viridis. 


DEAD TREES AND OLD WOOD 


The lichen flora of trees that have recently died is very sim- 
ilar to that of the living trees in the same locality. When 
wood such as dead trees, fences, and buildings remains for a 
considerable time without decay there are usually definite as- 
sociations of lichens formed. The most common of these is: 
Lecidea cinnabarina, Cladonia santensis, Cl. squamosa, Cl. 
fimbriata var. subulata, and Cl. fimbriata var. coniocraea. Le- 
cidea cinnabarina is the dominant form, and Parmelia rudecta 
occurs occasionally. 








[Vou 24 
216 ANNALS OF THE MISSOURI BOTANICAL GARDEN 

































DECAYING WOOD 


Wood which is definitely rotting furnishes a habitat for a 
small Cladonia association: Cladonia cariosa, Cl. cariosa var. 
cribrosa, Cl. delicata, and Cl. pyxidata. 


The species of lichens here presented are from approxi- 
mately one thousand collections made in central Missouri from 
the ten following counties: Boone, Callaway, Cole, Franklin, 
Gasconade, Jefferson, Johnson, Lincoln, St. Louis, and Wash- 
ington, during the years 1930 to 1937. All of these counties are 
on or near the northern border of the Ozark Plateau. The geo- 
logical and physiographic description of this region is given 
by Marbut.® 

VERRUCARIACEAE 


VERRUCARIA SUBMURALIS Nyl. 
Limestone ledges in open situations. Boone: Columbia, Berry 314; Roche- 
port, Berry 335; Johnson: Warrensburg, Berry 359. 
VERRUCARIA SORDIDA Fink 
Limestone ledges in open situations. Jefferson: Rush Tower, Berry 437. 
‘VERRUCARIA NIGRESCENS Pers. 
Limestone ledges in open situations. Boone: Columbia, Berry 245, 263, 274. 
VERRUCARIA NIGRESCENTOIDEA Fink 

Limestone ledges in open situations. Boone: Columbia, Berry 246; Roche- 
port, Berry 339. 

VERRUCARIA CALCISEDA Lam. & DC. 

Limestone ledges in open situations. Boone: Columbia, Berry 291; Jeffer- 
son: Rush Tower, Berry 436; Festus, Berry 529; De Soto, Berry 451; St. 
Louis: Creve Coeur Lake, Berry 609 ; Ranken Estate, Berry 731; Washington: 
Big River, Berry 489. 

DERMATOCARPACEAE 


DERMATOCARPON MfNIATUM (L.) Mann. 

Surface of limestone rocks in moist, shaded localities. Boone: Columbia, 
Berry 215, 264, 311; Ashland, Drouwet 382D ; Franklin: Gray Summit, Mo. Bot. 
Gard. Arboretum, Berry 689, 714; Port Royal, Hubricht 795H; Jefferson: 
Rush Tower, Berry 455 ; Crystal City, Hubricht 784H ; Festus, Berry 516; Lin- 
coln: Chantilly, Hubricht 766H ; St. Louis: Creve Coeur Lake, Berry 595. 

DEEMATOCARPON MINIATUM (L.) Mann. var. COMPLICATUM (Lightf.) Th. Fries 

On rocks in moist localities. Callaway: Fulton, Bartley 319B. 


* Marbut, C. F. Physical features of Missouri. Mo. Geol. Surv. 10: 11-110. pl. 2. 
1896. 
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DERMATOCARPON RUFESCENS (Ach.) Th. Fries 
On soil and occasionally rocks in undisturbed places. Boone: Rocheport, 
Berry 321; Franklin: Gray Summit, Mo. Bot. Gard. Arboretum, Berry 672, 
707, 757; Cutler 582C ; Jefferson: Festus, Berry 535; Rush Tower, Berry 427, 
458. 
PYRENULACEAE 


LEPTORHAPHIS EPIDERMIDIS (Ach.) Th. Fries 
Sandstone ledges in bed of seasonal water course. Franklin: Gray Summit, 
Mo. Bot. Gard. Arboretum, Berry 648. 
PYRENULA NITIDA (Weig.) Ach. 
Bark of trees. Boone: Columbia, Berry 310. 


CYPHELIACEAE 


CYPHELIUM TIGILLARE Ach. 
On fence posts and the bark of various species of trees. Boone: Columbia, 
Berry 76, 256, 267, 301. 


ARTHONIACEAE 


ARTHONIA COMPLANATA Fée 

Bark of trees in open woods. Lincoln: Chantilly, Hubricht 780H. 
ARTHOTHELIUM Haut (Tuck.) Zahlbr. 

Bark of trees in open woods. St. Louis: Centaur Station, Hubricht 815H. 


GRAPHIDACEAE 


GRAPHIS EULECTRA Tuck. 
Bark of trees in open woods. Boone: Rock Bridge, Berry 224. 
GRAPHIS scRIPTA (L.) Ach. 

On trees having smooth bark and in well-lighted situations. Boone: Colum- 
bia, Berry 297, 305; Rocheport, Berry 326; Franklin: Gray Summit, Mo. Bot. 
Gard. Arboretum, Berry 699; Port Royal, Hubricht 797H ; Jefferson: Crystal 
City, Hubricht 824H:; Johnson: Warrensburg, Berry 365; St. Louis: Ranken 
Estate, Berry 747. 


EPHEBACEAE 


EPHEBE LANATA (L.) Vainio 
On moist surface of limestone rocks and damp soil in shady places. Boone: 
Rock Bridge, Berry 211. 


PYRENOPSIDACEAE 


THYREA PULVINATA (Schaer.) Mass. 
On the surface of limestone ledges in sheltered positions. Franklin: Gray 
Summit, Mo. Bot. Gard. Arboretum, Berry 662, 663. 


LICHINACEAE 


Preryeium Petersm (Tuck.) Nyl. 
On sandstone ledges and rocks. Jefferson: Festus, Berry 504. 
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COLLEMACEAE 


SYNECHOBLASTUS FASCICULARIS (L.) A. L. Smith 
On moist soil in sheltered locations. Franklin: Gray Summit, Mo. Bot. Gard. 
Arboretum, Cutler 640C; Port Royal, Hubricht 798H; Jefferson: Festus, 
Berry 549 ; St. Louis: Creve Coeur Lake, Berry 611, 613, 638. 
CoLLEMA FuRVUM (Ach.) DC. 
On moist limestone rocks. Franklin: Gray Summit, Mo. Bot. Gard. Arbore- 
tum, Berry 664. 
CoLLEMA GRANOSUM (Schreb.) Rabh. 
On rocks in shaded places. Boone: Ashland, Drouet 388D; Johnson: War- 
rensburg, Berry 387. 
LEPTOGIUM SATURNINUM (Dicks.) Nyl. 
On moist rocks. Jefferson: Crystal City, Hubricht 784H. 


PANNARIACEAE 


PANNARIA RUBIGINOSA (Thunb.) Del. var. LaNuGINOsSA (Hoffm.) Zahlbr. 

On sheltered limestone ledges and the base of trees. Franklin: Gray Sum- 
mit, Mo. Bot. Gard. Arboretum, Berry 673, 679; Jefferson: Rush Tower, Berry 
417, 456; St. Louis: Ranken Estate, Berry 731. 

PANNARIA LURIDA (Mont.) Nyl. 


Bark of trees in open woods. Franklin: Gerald, Berry 568. 


STICTACEAE 
STICTA FULIGINOSA (Dicks.) Ach. . 
Stone ledges of wooded bluffs. Jefferson: Crystal City, Hubricht 820H. 
STICTA QUERCIZANS Ach. 

On moss-covered rocks and tree trunks. Boone: Columbia, Berry 273 ; Frank- 
lin: Gerald, Berry 758 ; Jefferson: Crystal City, Hubrichi 785H ; Festus, Berry 
533. 

PELTIGERACEAE 
PELTIGERA HORIZONTALIS (Huds.) Baumg. 
On moist moss-covered soil in woods. Boone: Columbia, Berry 298; Ash- 
land, Berry 234, Drouet 320D, 384D. 
PELTIGERA RUFESCENS (Weis) Humb. 
On moss-covered soil. Boone: Columbia, Berry 303. 
PELTIGERA CANINA (L.) Willd. 

On moss-covered soil in open woods. Boone: Silver Fork, Berry 346 ; Colum- 
bia, Berry 301; Ashland, Drouet $81D; Franklin: Gray Summit, Mo. Bot. 
Gard. Arboretum, Berry 643, 718; Gasconade: Mt. Sterling, Berry 554 ; Jeffer- 
son: Festus, Berry 512; Rush Tower, Berry 428; Lincoln: Chantilly, Hubricht 
765H. 

LECIDEACEAE 
LECIDEA CINNABARINA Fée 

On limestone rocks in full sunlight. Franklin: Gray Summit, Mo. Bot. Gard. 
Arboretum, Berry 710, 758; Jefferson: Festus, Berry 520, 536, 540; Rush 
Tower, Berry 424 ; St. Louis: Creve Coeur Lake, Berry 601. 
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LECIDEA TURGIDULA E. Fries 
On sandstone ledges in open woods. Franklin: Gray Summit, Mo. Bot. Gard. 
Arboretum, Berry 721. 
LECIDEA TESSELLINA Tuck. 
On limestone rocks in full sunlight. Boone: Columbia, Berry 238; Roche- 
port, Berry 329, 337. 
LECIDEA AURICULATA Th. Fries 
On limestone rock in glades. Jefferson: Crystal City, Hubricht 793H. 
LECIDEA FLEXUOSA (E. Fries) Ny]. 
Bark of trees in open woods. Franklin: Gray Summit, Mo. Bot. Gard. Ar- 
boretum, Berry 652. 
CATILLARIA LAURERI Hepp. 
Bark of trees in open woods. Washington: Big River, Berry 484. 
RHIZOCARPON CONCENTRICUM (Davies) Beltr. 
On limestone and chert rocks. Boone: Columbia, Berry 313; Franklin: 
Gray Summit, Mo. Bot. Gard. Arboretum, Berry 683. 
RHIZOCARPON GEOGRAPHICUM (L.) Lam. & DC. 
On limestone rocks. Boone: Columbia, Berry 163; Ashland, Drouet 373D; 
Henning 232H. 
CLADONIACEAE 
CLADONIA ALPESTRIS (L.) Rabenh. 
On soil of dry rocky hillsides. Boone: Columbia, Berry 366; Callaway: 
Fulton, McVeigh 376M ; Montgomery: Mineola, Rickett 225R. 
CLADONIA MACILENTA Hoffm. 
On soil. Jefferson: Festus, Berry 509. 
CLADONIA DIDYMA (Fée) Vainio 
On soil in sheltered places. Jefferson: Festus, Berry 497. 
CLADONIA BELLIDIFLORA (Ach.) Schaer. 
On soil of wooded hillsides. Boone: Columbia, Berry 266. 
CLADONIA CRISTATELLA Tuck. 
On decayed wood and soil. Boone: Ashland, Drouet 72D; St. Louis: Ran- 
ken Estate, Berry 749. 
CLADONIA CRISTATELLA Tuck. var. DENSISSIMA Fink 
On soil on sandstone bluffs. Jefferson: Festus, Berry 500. 
CLADONIA FURCATA (Huds.) Schrad. var. RACEMOSA (Hoffm.) Floerke 
On soil of dry rocky hillsides. Boone: Columbia, Berry 282, 307, $16; John- 
son: Warrensburg, Berry 204. 
CLADONIA FuRCATA (Huds.) Schrad. var. PINNATA (Floerke) Vainio 
On soil of dry upland woods. Gasconade: Mt. Sterling, Berry 827. 
CLADONIA SANTENSIS Tuck. 
Decaying logs and soil in open woods. Jefferson: Rush Tower, Berry 421. 
CLADONIA CRISPATA (Ach.) Flot. 
Decaying wood and soil of open woods. Boone: Columbia, Berry 248. 
CLADONIA sQUAMOSA (Scop.) Hoffm. 
On soil and decaying wood. Boone: Ashland, Drouet 251D; Columbia, 
Berry 254, 281, 287, 288, 879; Rock Bridge, Berry 156. 
CLaDonTA sQuAMOSA (Scop.) Hoffm. var. MULTIBRACHIATA (Floerke) Vainio 
On soil of dry wooded hills. St. Louis: Berry 623. 
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CLADONIA SQUAMOSA (Scop.) Hoffm. var. PHYLLOCOMA (Rabenh.) Vainio 

On sandy soil in open woods. Jefferson: Festus, Berry 496. 

CLADONIA DELICATA (Ehrh.) Floerke 
On old and decaying wood. Boone: Columbia, Berry 370. 
CLADONIA APODOCARPA Robbins 
On soil of dry upland woods. Callaway: Fulton, McVeigh 377M ; Franklin: 
Gerald, Berry 581. 
CLADONIA CARIOSA (Ach.) Spreng. 
On soil of open woods. Jefferson: Crystal City, Hubricht 790H. 
CLADONIA CARIOSA (Ach.) Spreng. f. crrBrosa (Wallr.) Vainio 
On soil of wooded hillsides. Jefferson: Rush Tower, Berry 430. 
CLADONIA PYXIDATA (L.) Hoffm. 

On soil of abandoned fields and open woods. Boone: Ashland, Henning 
233H ; Columbia, Berry 7, 236, 256, 281, 287, 289, 315, 343, 368; Jefferson: 
Crystal City, Hubricht 791H; Festus, Berry 495, 501; Seibert 5138; Rush 
Tower, Berry 426, 432, 439 ; Johnson: Warrensburg, Berry 199, 364 ; Washing- 
ton: Big River, Berry 480, 481. 

CLADONIA FIMBRIATA (L.) E. Fries 

On soil and decaying wood. Boone: Ashland, Drouet 374D. 
CLADONIA FIMBRIATA (L.) E. Fries var. suBuLATA (L.) Vainio 

On soil and decaying wood. Boone: Columbia, Berry 242, 278, 309. 
CLADONIA FIMBRIATA (L.) E. Fries var. CONIOCRAEA (Floerke) Vainio 

On soil and decaying wood. Boone: Columbia, Berry 260, 262, 276, 280, 342. 
CLADONIA PITYREA (Floerke) E. Fries 

On soil in open woods. Jefferson: Festus, Berry 511. 
CLADONIA PITYREA (Floerke) E. Fries f. PHYLLOPHORA (Mudd) Vainio 

On soil of dry wooded hills. St. Louis: Valley Park, Berry 634. 
CLADONIA FOLIACEA (Huds.) Schaer. 

On soil of dry wooded hills. Jefferson: Crystal City, Hubricht 789H ; Rush 
Tower, Berry 420, 454, 457; Lincoln: Chantilly, Hubricht 781H; St. Louis: 
Valley Park, Berry 622, 632, 636; Washington: Big River, Berry 485. 

CLADONIA CAESPITICIA (Pers.) Floerke 
On soil and decayed wood. Boone: Columbia, Berry 171. 


ACAROSPORACEAE 


BIATORELLA FOSSARUM (Nyl.) Th. Fries 
On bark at the base of trees in open woods. Cole: Jefferson City, Berry 558. 
ACAROSPORA CITRINA (Tayl.) Zahlbr. 
On rock ledges in open situations. Boone: Columbia, Berry 247. 
ACAROSPORA GLAUCOCARPA (Ach.) Koerb. var. VERRUCOSA (Anzi) Magn. 
On soil at the top of limestone bluffs and in undisturbed glades. St. Louis: 
Creve Coeur Lake, Berry 605. 


PERTUSARIACEAE 


PERTUSARIA MULTIPUNCTA (Turn.) Nyl. 
Bark of trees in well-lighted woods. Boone: Columbia, Berry 304; Frank- 
lin: Gerald, Berry 563, 571; Gasconade: Mt. Sterling, Berry 558; Lincoln: 
Chantilly, Hubricht 774H. 
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PERTUSARIA VELATA (Turn.) Nyl. 
Bark of trees in open woods. Franklin: Gerald, Berry 561. 
PERTUSARIA TETRATHALAMIA (F'ée) Nyl. 
Bark of trees in open woods. Johnson: Warrensburg, Berry 832; St. Louis: 
Ranken Estate, Berry 735. 
PERTUSARIA PUSTULATA (Ach.) Duby 
Bark of trees in open woods. Boone: Columbia, Berry 312. 
PERTUSARIA LEIOPLACA (Ach.) Lam. & DC. 


Bark of trees in open woods. Jefferson: Crystal City, Hubricht 825H. 
PERTUSARIA MARGINATA Nyl. 


Bark of trees in open woods. St. Louis: Centaur Station, Hubricht 814H. 
PERTUSARIA PERTUSA (L.) Tuck. 


Bark of trees in open upland woods. Washington: Big River, Berry 486. 


LECANORACEAE 


LecaNorA SAMBUCI (Pers.) Nyl. 

Bark of trees. Washington: Big River, Berry 476. 
LECANORA PALLIDA (Schreb.) Rabnh. 

Bark of trees. St. Louis: Centaur Station, Hubricht 800H. 
LECANORA MELANOPHTHALMA (Lam. & DC.) Ramond 


On limestone rocks‘in full sunlight. Jefferson: Crystal City, Hubricht 794H. 
LECANORA THAMNOPLACA Tuck. 


On limestone rocks. Boone: Rocheport, Berry 339. 
LECANORA VERSICOLOR (Pers.) Ach. 


On limestone rocks in the bed of seasonal streams. Boone: Columbia, Berry 
306. 


LECANORA MURALIS (Schreb.) Rabnh. 


On limestone rocks in full sunlight. Boone: Rocheport, Berry 331, 334. 
OCHROLECHIA TARTAREA (L.) Mass. 

Bark of trees. Jefferson: Festus, Berry 507. 
LECANIA SYRINGEA (Ach.) Th. Fries 


Bark of trees. Franklin: Gray Summit, Mo. Bot. Gard. Arboretum, Berry 
688. 


LECANIA SYRINGEA (Ach.) Th. Fries var. DIMERA (Nyl.) Oliv. 


Bark of trees. Franklin: Gray Summit, Mo. Bot. Gard. Arboretum, Berry 
694. 


LECANIA PERPROXIMA (Nyl.) Zahlbr. 


Limestone ledges. Lincoln: Chantilly, Hubricht 764H. 
CANDELARIELLA AURELLA (Hoffm.) Zahlbr. 


Limestone ledges on open hillsides. Franklin: Gray Summit, Mo. Bot. Gard. 
Arboretum, Berry 703. 


PARMELIACEAE 
PaRMELIA RUDECTA Ach. 
Bark of trees and rarely on stones or old wood. Boone: Ashland, Drouet 
$92, 394, 395; Columbia, Berry 3, 203, 208, 217, 218, 221, 282, 384; Franklin: 
Gray Summit, Mo. Bot. Gard. Arboretum, Berry 448, 690, 693, 698, 708, 718; 
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Gerald, Berry 579; Jefferson: De Soto, Berry 463; Rush Tower, Berry 415, 
416, 434, 435, 445, 449 ; Crystal City, Hubricht 787H ; Lincoln: Chantilly, Hu- 
bricht 772H ; St. Louis: Centaur Station, Hubricht 818H ; Creve Coeur Lake, 
Berry 586, 591, 598, 599; Ranken Estate, Berry 750; Valley Park, Berry 618, 
628 ; Washington: Big River, Berry 461, 462, 465, 466. 

PARMELIA BoRRERI Turn. 

Bark of trees and occasionally on rocks. Boone: Ashland, Berry 352; Co- 
lumbia, Berry 4, 5, 101, 103, 210, 219, 222, 347; St. Louis: Creve Coeur Lake, 
Berry 583, 588 ; Ranken Estate, Berry 736; Valley Park, Berry 629. 

PARMELIA HYPOTROPA Nyl. 
Bark of trees and on rocks. Boone: Columbia, Berry 231, 240; Rocheport, 
Berry 322, 399. 
PARMELIA PHYSODES (L.) Ach. 
Bark of trees in well-lighted woods. Boone: Columbia, Berry 102, 169. 
PARMELIA PERTUSA (Schrank) Schaer. 
Bark of trees and occasionally on rocks. Boone: Columbia, Berry 285, 390, 
$91. 
PARMELIA CETRATA Ach. 
Bark of trees, rarely on rocks. Boone: Columbia, Berry 201, 227, 340. 
PARMELIA SAXATILIS (L.) Ach. 

On rocks and the bark of trees, in well-lighted places. Boone: Columbia, 
Berry 300; Callaway: Fulton, McVeigh 385M; Franklin: Gray Summit, Mo. 
Bot. Gard. Arboretum, Berry 577, 644, 649, 653. 

PARMELIA FRONDIFERA Merrill 
Bark of trees. Boone: Ashland, Drouet 396D. 
PARMELIA SUBRUGATA Nyl. 

On bark of trees and rocks. Boone: Ashland, Drouet 408D ; Columbia, Berry 

897; Johnson: Warrensburg, Berry 398; Washington: Big River, Berry 471. 
PARMELIA PERFORATA (Wulf.) Ach. 

Bark of tree in open woods. Franklin: Gray Summit, Mo. Bot. Gard. Ar- 
boretum, Berry 676, 720; Gasconade: Mt. Sterling, Berry 557; Washington: 
Big River, Berry 471. 

PARMELIA SUBLAEVIGATA Nyl. 
On trees and rocks. Boone: Ashland, Berry 299, Drouet 404D. 
PARMELIA QUERCINA (Willd.) Vainio 

Bark of trees in upland woods. St. Louis: Ranken Estate, Berry 739, 742; 

Valley Park, Berry 625. 
PARMELIA COLPODES (Ach.) Nyl. 

Bark of trees. Franklin: Gerald, Berry 578; Gray Summit, Mo. Bot. Gard. 

Arboretum, Berry 691; Gasconade: Mt. Sterling, Berry 579. 
PARMELIA CAPERATA (L.) Ach. 

On bark of trees and rocks. Franklin: Gerald, Berry 575; Gasconade: Mt. 

Sterling, Berry 565. 
PARMELIA OLIVACEA (L.) Ach. 

Limestone ledges in open woods. Franklin: Gray Summit, Mo. Bot. Gard. 

Arboretum, Berry 754. 





BERRY—LICHENS OF CENTRAL MISSOURI 


USNEACEAE 
UsNEA FLORIDA (L.) Web. 


On the bark of trees and rarely on rocks. Boone: Ashland, Drouet 382D, 
407D ; Columbia, Berry 285; Washington: Big River, Berry 829. 


CALOPLACACEAE 


CALOPLACA AURANTIACA (Lightf.) Th. Fries 
Bark of trees. Boone: Columbia, Berry 255. 
CALOPLACA MICROPHYLLINA (Tuck.) Hasse 
Bark of trees in well-lighted situations. Boone: Columbia, Berry 208; 
Franklin: Gray Summit, Mo. Bot. Gard. Arboretum, Berry 695, 722; St. Louis: 
Creve Coeur Lake, Berry 787 ; Ranken Estate, Berry 729; Valley Park, Berry 
637 ; Lincoln: Chantilly, Hubricht 768H. 
CALOPLACA GALACTOPHYLLA (Tuck.) Zahlbr. 


On limestone rocks. Boone: Ashland, Berry 243; Columbia, Berry 306; 
Rocheport, Berry 330. 


TELOSCHISTACEAE 


XANTHORIA PARIETINA (L.) Th. Fries 


On bark of trees in well-lighted situations. Boone: Columbia, Berry 2, 9, 
45, 200, 202, 223, 231, 409. 


XANTHORIA POLYCARPA (Ehrh.) Rieber 
On bark of trees. Boone: Ashland, Berry 349; Columbia, Berry 105. 


BUELLIACEAE 


BUELLIA PARASEMA (Ach.) De Not. 
Bark of trees in sunny woods. Washington: Big River, Berry 474. 
BUELLIA PUNCTATA (Hoffm.) Mass. 
Bark of trees. Franklin: Gray Summit, Mo. Bot. Gard. Arboretum, Berry 
642; St. Louis: Ranken Estate, Berry 741. 
BUELLIA COLLUDENS (Nyl.) Arn. 
Surface of stones in full sunlight. Jefferson: Festus, Berry 503. 
BUELLIA PULLATA Tuck. 
Surface of stones in dry, well-lighted situations. Franklin: Gray Summit, 
Mo. Bot. Gard. Arboretum, Berry 658. 
RINODINA KENTUCKYENSIS Fink 
Surface of sandstone rocks and ledges. Jefferson: Festus, Berry 493, 517. 
RINODINA ATERRIMA Krempelh. 
Surface of limestone rocks. Jefferson: Rush Tower, Berry 833. 


PHYSCIACEAE 
PYXINE SOREDIATA (Ach.) E. Fries 
Bark of trees. Jefferson: Rush Tower, Berry 444; DeSoto, Berry 450; St. 


Louis: Creve Coeur Lake, Berry 584, 589; Valley Park, Berry 616, 617, 626; 
Washington: Big River, Berry 468, 584, 589. 
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PHYSCIA ADGLUTINATA (Floerke) Nyl. 

Bark of trees in sunny woods. Boone: Ashland, Berry 109 ; Columbia, Berry 
244, 403; Cole: Jefferson City, Berry 552; St. Louis: Centaur Station, Hu- 
bricht 816H. 

PHYSCIA TERETIUSCULA (Ach.) Lynge 

On rocks and occasionally on the bark of trees. Franklin: Port Royal, Hu- 

bricht 826H ; Gasconade: Rosebud, Berry 564. 
PuHyscta CAESIA (Hoffm.) Hampe 

On bark of trees in open woods. Boone: Ashland, Drouet 402D ; Columbia, 

Berry 400; Rocheport, Berry 328; Johnson: Warrensburg, Berry 6165. 
PHYSCIA ASTROIDEA (Clem.) Nyl. 

Bark of trees in well-lighted situations. Boone: Ashland, Drouet 401, 405; 
Columbia, Berry 4, 103, 105, 203, 216, 225, 389, 410; Rocheport, Berry 3245 
Jefferson: Rush Tower, Berry 423; Johnson: Warrensburg, Berry 228; St. 
Louis: Valley Park, Berry 618; Washington: Big River, Berry 831. 

PHYSCIA VIRELLA (Ach.) Flagey 

Bark of trees. Boone: Columbia, Berry 220, 261; Easley Post Office, Berry 
205; Franklin: Port Royal, Hubricht 802H; Jefferson: Crystal City, Hu- 
bricht 823H. 

PHYSCIA ENDOCHEYSEA (Hampe) Nyl. 

On rocks and bark of trees. Boone: Rocheport, Berry 341; Franklin: Gray 

Summit, Mo. Bot. Gard. Arboretum, Berry 671. 
PHYSCIA LITHOTODES Nyl. 

On rocks and bark of trees in well-lighted woods. Franklin: Gray Summit, 

Mo. Bot. Gard. Arboretum, Berry 665, 667, 669. 
PHYSCIA STELLARIS (L.) Nyl. 

Bark of trees in well-lighted woods. Boone: Columbia, Berry 304; Cole: 
Jefferson City, Berry 830; Franklin: Gerald, Berry 572, 576; Gray Summit, 
Mo. Bot. Gard. Arboretum, Berry 668, 675; Gasconade: Mt. Sterling, Berry 
568; Johnson: Warrensburg, Berry 614; Lincoln: Chantilly, Hubricht 776H; 
St. Louis: Valley Park, Berry 828; Washington: Big River, Berry 475, 477, 
478. 

PHYSCIA PULVERULENTA (Schreb.) Nyl. 

On limestone ledges and rocks in open well-lighted woods. Boone: Ashland, 

Drouet 417D ; Columbia, Berry 271, 275. 
PHYSCIA HISPIDA Schreb. 

On the surface of sandstone ledges in open upland woods. Franklin: Gray 

Summit, Mo. Bot. Gard. Arboretum, Berry 674, 728. 
PHYSCIA TRIBACIA (Ach.) Nyl. 

On bark of trees. Boone: Ashland, Berry 108; Columbia, Berry 1, 2, 
104; Franklin: Gray Summit, Mo. Bot. Gard. Arboretum, Berry 706; St. 
Louis: Valley Park, Berry 620. 

ANAPTYCHIA HYPOLEUCA (Miihlb.) Mass. 
On bark of trees in open woods. Washington: Big River, Berry 473. 
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History oF THE GENUS 


In 1804 Sessé introduced seeds from Mexico to the Royal 
Gardens at Madrid where they were grown in 1805 under the 
name of Aster spathulatus Hort. Seeds from these plants were 
sent to the Montpellier Garden (Hortus Monspeliensis), and 
from plants grown there were distributed to various botanical 
gardens. Willdenow, of the Berlin Botanical Garden, received 
some from Professor Broussonet of Montpellier in the spring 
of 1806 under the name of Aster spathularis. When the plants 
flowered and matured fruit during the summer of 1807, Willde- 
now observed that they differed from Inula, under which Per- 
soon? had identified them, and from Aster (the only genera 
known to him at the time with which his plants might have 
shown relation). Accordingly he described® from them a new 
genus, Grindelia, in honor of Professor Grindel of Dorpat, and 
named the particular plant Grindelia inuloides. 

Previously, in 1793, Cavanilles* had described and illus- 
trated an Aster glutinosus based upon plants he had seen in 
flower in the Royal Gardens at Madrid, and stated that they 
had come originally from Mexico. Although the ligules were 
yellow, a character at variance with Aster but in common with 
Inula, he decided that color alone should not serve as a criterion 
in distinguishing genera of Compositae. He regarded the na- 
ture of the base of the anther as of more fundamental impor- 

+ This, the third installment of studies in Grindelia, is a continuation of the mono- 
graphic work which was carried on at the Henry Shaw School of Botany while the 
author was engaged in a comprehensive study of the genus. 

*Persoon, C. H. Syn. Pl. 2: 451. 1807. 


* Willdenow, C.L. Ges. Nat. Fr. Berlin Mag. 1: 260. 1807. 
*Cavanilles, A. J. Ic. et Deser. Pl. Hisp. 2: 53. pl. 168. 1793. 
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tance. The fact that the anthers were entire at the base as in 
Aster rather than bisetose as in Inula led him to place the 
species under Aster. 

Willdenow® observed that Cavanilles* had figured the ray 
florets of Aster glutinosus without pappus bristles, although 
he did not mention this point in his description. No species of 
Aster (except a few with pinnate leaves) were known at that 
time to possess yellow flowers, and this fact, together with the 
absence of pappus bristles on the ray flowers, led him to place 
the plant in the genus Doronicum and to publish it as Doroni- 
cum glutinosum.® Between 1800 and 1807 seeds of Aster gluti- 
nosus had been grown in the various botanical gardens of 
Europe and Great Britain. During this time Willdenow had 
examined living plants and found that all the florets possessed 
pappus bristles. This led him to reconsider his identification, 
with the result that in 1807 he placed® the plant with Aster as 
Cavanilles originally had done. Persoon,’ in his ‘Synopsis 
Plantarum’ in 1807, treated Aster glutinosus and Grindelia 
inuloides as congeneric with Inula and described them respec- 
tively as Inula glutinosa and I. serrata. 

In 1813 Nuttall® published without description a generic 
name, Thuraria, which proved later to be congeneric with 
Grindelia. Robert Brown,® the same year, recognizing that 
Doronicum glutimosum (Aster glutinosus) had no relationship 
with either Doronicum or Aster, erected for it a new genus 
Donia which he based primarily on its caducous bristly pappus. 
This genus was adopted by Pursh,’° and a new species Donia 
squarrosa, from the Missouri River prairies, was described. 

Lagasca™ in 1816 was the first to recognize that the Aster 
spathulatus Hort. and the Aster glutinosus were congeneric 
and constituted a new genus Demetria, with two species De- 

* Willdenow, C. L. Sp. Pl. 6*: 2115. 1800. 
* Willd. Ges. Nat. Fr. Berlin Mag. 1: 259. 1807. 

™Persoon, C. H. loc. cit. pp. 451-452. 1807. 

* Nuttall, T. in Fras. Cat. 1813. 
* Brown, Robert. in Ait. Hort. Kew, ed. 2. 5: 82. 1813. 


*Pursh, F. Fl. Am. Sept. 2: 559. 1814. 
“4 Lagasca, M. Gen. et Sp. Pl. Nov. 30. 1816. 
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metria spathulata and D. glutinosa. A year previous, Cas- 
sini? had proposed a new genus, Awrelia, for the Aster gluti- 
nosus of Cavanilles (Inula glutinosa Persoon) to be placed next 
to Grindelia taxonomically. 

Some confusion as to the generic limits of these recently pro- 
posed genera (Grindelia, Donia, Demetria, and Aurelia) 
existed between 1815 and 1819. In 1815 Robert Brown, on com- 
paring flowering material of Grindelia inuloides, grown in the 
Kew Gardens, with his Donia glutinosa, found that the two 
differed principally in the number of pappus awns to the floret 
—there being one or two in Grindelia inuloides and a greater 
and more indefinite number in Donia glutinosa. Realizing that 
this was a variable character in Donia and that the two species 
were otherwise essentially alike, he abandoned'* Donia and re- 
united it with Grindelia, since Grindelia was the genus first 
published. Dunal,'* in 1819, showed further that Grindelia, 
Donia and Demetria were entirely congeneric and should con- 
stitute one genus, Grindelia, that being the name first published 
and already generally recognized. Kunth was in agreement 
with this treatment. 

Cassini’ tried to show that Donia and Aurelia were distinct 
from Grindelia, first, because in the former two genera the 
awns of the pappus were ‘‘barbellate,’’ whereas in Grindelia 
they were ‘‘unappendaged,’’ and second, the anthers in Donia 
and Aurelia did not have basal appendages, whereas Grindelia 
did. Although, according to Kunth, in the true Grindelia the 
anthers were naked at the base, Cassini stated that he had 
found ‘‘two basal semilanceolate or subulate appendages’”’ on 
each anther. Again, in 1825, Cassini’® insisted on the validity 
of retaining Aurelia distinct from Grindelia, and reported a 
third difference, namely, that Grindelia had one to three, or oc- 
casionally more, pappus awns to the floret, whereas in Aurelia 
they were numerous; moreover, although he was aware that 

* Cassini, H. Bull. Soc. Philom. p. 175. 1815. 

* Brown, Robert. Trans. Linn. Soc. London 12: 102. 1818. 

“Dunal, F. Mem. Mus. Par. 5: 46. 1819. 


* Cassini, H. Jour. Phys. 89: 32. 1819. 
* Cassini, H. Dict. Sci. Nat. 37: 468. 1825. 
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Aurelia was antedated by Donia, he felt that Aurelia should be 
retained since Robert Brown had not only abandoned Donia 
but also was unaware of its real distinctive characters. How- 
ever, later studies have shown that both few and numerons 
awns were found, and only one type of anther, that with short, 
broad, deltoid bases. Rafinesque,'” in 1818, attempted to dis- 
place Donia, with the remarks: ‘‘ Donia is rather too short, and 
contained in Cladonia, etc., it ought to be lengthened into 
Doniana.’’ A year previous Cornelissen’® published a new 
genus, Hoorebekia, with one South American species, H. 
chiloensis. For some time this genus had been identified with 
Aplopappus, but recently has been shown’ to be a Grindelia, 
congeneric with and antedating the South American species, 
Grindelia speciosa, G. resinosa, G. foliosa, and G. V olkensti. 

Dunal,?° in 1819, described six species of Grindelia, of which 
G. pulchella and G. angustifolia (the latter belonging to an- 
other genus) were new, and G. glutinosa, G. inuloides, G. squar- 
rosa and G. fruticosa had been transferred from other genera. 
In 1825 Cassini,” still regarding his genus Aurelia as distinct 
from Grindelia, published two species, A. amplexicaulis and 
A. decurrens. 

From 1825 on many species and varieties of Grindelia were 
published. In 1836 A. P. DeCandolle?* treated Grindelia in 
the ‘Prodromus,’ describing thirteen species of which seven 
were new; and in 18387 he added four more, one, G. stricta, 
being new. In 1841 Nuttall** described five new species of 
Grindelia, and in 1842 Torrey and Gray** recognized ten spe- 
cies in their ‘Flora of North America.’ 

In 1857 a new genus, Chrysopthalmum, with one species, C. 

* Rafinesque, C. 8. Am. Month. Mag. p. 268. 1818. 

* Cornelissen, E. N., in Mussche, J. H. Hort. Gand. p. 13. 1817. 

* Hall, H. M. Carnegie Inst. Wash. Publ. No. 389: 24. 1928, 

*Dunal, F. loc. cit. 

™ Cassini, H. loc. cit. 

™ DeCandolle, A. P. Prodr. 5: 314. 1836. 

* Ibid. 7: 278. 1838. 


“Nuttall, T. Trans. Am. Phil. Soc. N. 8. 7: 314. 1841. 
* Torrey, J. and Gray, A. Fl. N. Am. 2: 246, 1842. 
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andinum, was described by Philippi?® from the Andes of 
Chile, and seven years later he?’ transferred it to Grindelia. 
This species is also recognized by Cabrera under Grindelia, 
but, for the present at least, the writer prefers to regard it as 
generically distinct. 

Gray,”* in two editions of the ‘Synoptical Flora of North 
America,’ 1884 and 1888, recognized twelve species with sev- 
eral varieties, reducing a number of species to synonymy. 
Since 1888 approximately fifty-eight species, varieties, and 
forms of Grindelia have appeared in the literature bringing 
the total number of names described to nearly one hundred and 
forty. 


GEOGRAPHICAL DIsTRIBUTION 


The environmental factors, past geological history, and the 
present distributional areas of the different species of Grin- 
delia are very closely correlated. Many of the species have 
a remarkable capacity to pioneer and spread into new or pre- 
viously unoccupied territory. Their aggressiveness is associ- 
ated with their natural ability to thrive in open exposed or re- 
cently cleared or eroded habitats. They will often be the first 
or among the first plant forms to invade open places along 
roadsides, roadcuts, irrigation ditches, alluvial deposits of 
streams, recently eroded slopes, over-grazed pastures, railroad 
tracks, waste places, etc. Especially the prairie and plains 
species, notably G. squarrosa, G. squarrosa var. serrulata, and 
G. perennis, are among the most conspicuous examples of in- 
vaders, and are among the worst weeds, frequently being 
classed by agriculturists as obnoxious plants. 

Associated with this weed tendency is the fact that the ma- 
jority of the species form colonies. The reason is quite obvious 
when one considers the definite relation between colony-forma- 
tion and the pappus of the genus. The few pappus bristles are 
awn-like and therefore not adapted for wind dispersal as in 

* Philippi, R. A. Linnaea 29: 9. 1857. 

"Ibid. 38: 137. 1864. 

*Gray, A. Syn. Fl. N. Am. 17: 116. 1884, and ed. 2. 1888. 
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many Astereae where the achenes have a light plumose pappus. 
When the achenes are ripe in Grindelia, the receptacle and in- 
volucre gradually open. The achenes, with the pappus mostly 
lacking, are much too heavy to be carried away by the wind, and 
when shaken out they fall to the ground close to the parent 
plant. Most of the seeds are viable and germinate readily. 
Numerous seedlings spring up around the parent plant form- 
ing compact mats by the thousands. Year by year the colony 
gradually increases, both in number of plants and in area. 
This colony formation is particularly well shown in G. squar- 
rosa and var. serrulata, G. perennis, G. lanceolata, G. nana, 
G. decumbens, and G. camporum. 

The majority of the species are found growing in strongly 
alkaline or saline to circumneutral soils. The apparent prefer- 
ence for strongly saline soils is well shown in G. humilis, G. 
Blakei, G. stricta and varieties (excluding var. collina and var. 
Hendersoni), and G. aggregata, which occur in salt or brackish 
marshes, tidal estuaries, and marine sand beaches. Grindelia 
perennis and G. camporum are often found about saline flats, 
salt lakes and springs, and alluvial rich soils of alkaline 
streams. Grindelia texana is mostly confined to limestone 
glades of the Edwards Plateau in Texas, and G. lanceolata to 
limestone and dolomite areas in Tennessee, Alabama, Mis- 
souri, Arkansas, and to a limited extent in Oklahoma and 
Texas. In Missouri G. lanceolata is limited in the Ozark region 
to limestone and dolomite glades of the Jefferson City (Beek- 
mantown) and Joachim formations of Ordovician age and to 
the Mississippian limestones of the extreme southwest. Its 
absence over most of the central and southeastern Ozark region 
is due to the fact that either acidic rocks of Roubidoux sand- 
stone cap the surface or the surface is underlain mostly with 
granite, chert, or sandstone. Similarly, G. grandiflora is 
limited in the United States to the limestone of the Devil’s 
River and adjacent Texas region. Sometimes the soils oc- 
cupied are clayey and rich in nutritive elements, rather than 
rocky limestone. For example, G. camporum var. Davyi, G. 
procera, G. aphanactis, and G. squarrosa follow the alluvial 
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silts and clays of river banks, and may spread out into adjacent 
fields or prairies. A number of species occur in the immediate 
vicinity of the ocean, as G. arenicola, G. rubricaulis and its 
varieties robusta, elata, and latifolia, and G. stricta var. collina 
and var. Henderson. According to Cabrera,?® the South 
American species tend somewhat to grow in alkaline soils. 

Practically the whole range of the species of Grindelia may 
be included in the Lower and Upper Sonoran of the Austral 
zone and the Arid and Humid transition zones. This relatively 
small zonal range is remarkably correlated with the present 
areas occupied and the major climatic environmental factors 
of rainfall, temperature, and altitude. 

The species are unusually adapted to xerophytic, semi- 
desert, or desert environments, sometimes occurring in regions 
which receive annually ten inches or less of rainfall. Such 
habitats are wind-swept plains and prairies, limestone glades, 
dry rocky plateaus and mesas, sands and dunes along the 
rivers and seashore, exposed clayey and rocky slopes, dry 
bluffs along river courses, etc., also salt marshes and tidal 
estuaries which are physiologically quite dry. 

Some species have a remarkable capacity of germinating in 
very moist or inundated soils, and later, as the particular areas 
gradually become desiccated, are able to adapt themselves to 
the new conditions. Grindelia squarrosa var. nuda and var. 
nuda f. angustior, for instance, in Texas, are frequently con- 
fined to lake-beds which fill with water in times of heavy rain- 
fall but for years at a time may remain dry and become ex- 
tremely xerophytic. Also, Grindelia procera germinates along 
the San Joaquin River Valley in spring and early summer in 
inundated places which later become very dry and parched. 
The same adaptations may often be observed in the Californian 
G. camporum and G. camporum var. Davyi. 

In view of the above statements, it is not surprising that 
Grindelia is more or less generally distributed over western 
North America. In the United States the genus has been re- 


*Cabrera, A. L. Revision de las especies Sudamericanas del genero ‘‘ Grindelia.’’ 
in Rev. Mus. La Plata 33: 208. 1931, and in letter. 
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corded from every state except Kentucky, Mississippi, Florida, 
South and North Carolina, and West Virginia. It is commonly 
introduced east of Illinois and reaches all the New England 
States. North of the United States the genus penetrates to 
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Fig. 1. Distribution of the genus Grindelia in North America. 


59° 34’ North latitude about Port Mulgrave, Alaska, and 
slightly north of 60° North latitude in the vicinity of the Great 
Slave Lake region (Wood Buffalo Park and salt plains about 
Bear Spring, etc.) in Northwest Territory. It is naturally dis- 
tributed in the United States west of the 86th Meridian (fig. 1). 
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It occurs in Mexico over the greater portion of the Plateau, 
but no collections have as yet been seen from the state of 
Sonora. One species, G. perennis, has been introduced in 
Yucatan. So far as records occur the genus skips Central 
America, and then reappears in South America, in Peru, 
Uruguay, Paraguay, southern Brazil, and in Argentina south 
to the Santa Cruz region. Altitudinally it ranges from sea- 
level to approximately 10,000 feet in the mountains of the state 
of Hidalgo, Mexico. The genus is predominantly one of open 
places and is practically absent from deep forests or wooded 
areas. The few species or varieties that do penetrate wooded 
areas are found in rather thin and semi-open tracts or near the 
borders of woods. 

Many of the species of Grindelia occur on geologically very 
youthful territory, in most cases of Pleistocene or Post-Pleis- 
tocene age. Areas from which the sea has withdrawn or where 
emergence has followed submergence, places of recent sedi- 
mentation or vulcanism, glaciated areas from which recent ice- 
sheets have retreated, recently eroded regions, and similar 
youthful places have been quickly populated by species of 
Grindelia, especially if such places offered open habitats in 
Sonoran or Transition zones. Many of these species show 
rather restricted distributions which are the result of the past 
geological history. Notable examples are Grindelia humilis, 
which is not known outside of San Francisco and Tomales Bays 
of California, G. littoralis restricted to the Galveston Bay re- 
gion, and G. oolepis, around Brownsville, Texas. Other 
coastal endemics, G. Blakeit and G. aggregata, show them- 
selves to be of at least Pleistocene or Post-Pleistocene dis- 
persal, since the particular coastal areas occupied have all 
been submerged by sea water during Quaternary times and 
some even into the Recent epoch. The recent subsidence, which 
permitted the sea to encroach upon the river valleys, forming 
the Bay of San Francisco and other bays along the coast took 
place practically in modern times. Similarly, the deposits 
along the outermost margin of the Gulf and Atlantic Coastal 
Plain, including the Gulf Coastal strip of Texas, are mostly of 
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Recent or Quaternary origin ; the bays and coastal region about 
Brownsville and Galveston have had the sea withdrawn from 
them only a matter of thousands of years. 

In contrast to the coastal species of very limited distribution 
are those coastal types which are rather widely distributed 
along the Pacific Ocean and also occur on land of Recent or 
Quaternary origin. The extensive fiords and inlets along the 
coast of Alaska and British Columbia represent drowned 
river valleys of Recent and Quaternary submergence. Van- 
couver Island and the Queen Charlotte and adjacent islands 
are the projecting spurs of a range paralleling and even more 
submerged than the coast range to the East. About the close 
of the Pliocene there was elevation of the entire west coast* 
which continued into early Pleistocene, but toward the middle 
of Pleistocene the entire coast range area was sunk 1000 to 
2000 feet. 

Following the glacial epoch another period of subsidence oc- 
curred in the Lower and Upper San Pedro epoch, during which 
the shore line was carried downwards 300 to 700 feet lower than 
at present, drowning the mouths of streams and erosion val- 
leys entering the ocean. Then occurred an elevation which was 
soon followed by another submergence, resulting in the present 
shore lines of Oregon and California. The northern two-thirds 
of the coast region in Oregon consists mostly of Miocene sand- 
stone and shales, and the bold cliffs and promontories comprise 
mostly Tertiary basalt; the southern third is made up mainly 
of Quaternary gravel, sand, and silt.** In the southern coast 
region of Oregon the surface sands along various portions of 
the coast are of Pleistocene age.*? Evidence that the coast of 
Oregon and Washington has recently emerged is to be seen in 
the narrow coastal plain one to twenty miles wide. Even more 

* For discussion of geologic and physiographic history, see Fenneman, N. M. 
Physiography of western United States. pp. 479-506. 1931; Jepson, W. L. Manual 
of flowering plants of California. pp. 10-11. 1925; Smith, J. P. Salient events in 
the geologic history of California. Science N. 8. 30: 346-351. 1909. 

™ Peck, M. E. A preliminary sketch of the plant regions of Oregon. I. Western 


Oregon. Am. Jour. Bot. 12: 36. 1925. 
” Peck, loc. cit. pp. 45-46. 
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recent is a subsidence which has drowned the streams across 
this coastal plain and extending far inland. The Chehalis 
River has been drowned for 30 miles, the Columbia 140 miles, 
the Umpqua 25 miles, and the Coquille 30 miles.** 

The entire coast strip of California is composed of sands, 
gravels, or muds, of Recent or Quaternary origin. Puget 
Sound constitutes the northernmost portion of a huge trough 
of crustal deformation; this trough includes the Great Valley 
of California, probably the Gulf of California, the Willamette 
Valley of Oregon, the Cowlitz, upper Chehalis and Puget 
Sound Valleys of Washington, and to the northward the sounds 
separating Vancouver and the Queen Charlotte Islands from 
the mainland of British Columbia.** Puget Sound was exten- 
sively glaciated in the Pleistocene, and, after the disappear- 
ance of the ice sheet, was depressed, thereby allowing the sea 
to advance and drown the mouths of rivers. The Puget 
Trough has sunk and been submerged several times since post- 
Cretaceous, during much of Tertiary time having been a sink- 
ing geosyncline.** The present deposits and topography of 
this region are the results chiefly of erosion in the interglacial 
and last glacial epochs.*® 

Since the present coastal strips of Alaska, British Columbia, 
Vancouver Island, Queen Charlotte and adjacent Islands, 
Puget Sound, Washington, Oregon, and California are all of 
Recent or Quaternary origin, the species of Grindelia oc- 
curring on these coastal strips must likewise be very recent. 
Also, it is in keeping with their pioneering tendencies that they 
should have invaded this coastal strip. Nor is it surprising 
that many of these species should be so very variable. The 
variations have not as yet had sufficient time to differentiate 
into distinct entities, but form an interwoven complex. For 
example, G. rubricaulis, with its numerous varieties and forms, 
ranges along the coast from northernmost Lower California 
to northern Marin County, California, assuming many varia- 
tions in its extent northward: var. latifolia, occurring on the 


* Fenneman, loc. cit. p. 461. * Fenneman, loc. cit. p. 450. 
“ Fenneman, loc. cit. pp. 442-443. * Fenneman, loc. cit. p. 451. 
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Santa Barbara Islands and on the adjacent mainland, which 
gives rise to several forms on the mainland; var. platyphylla 
around the Monterey Bay region; and var. robusta along the 
coast from Orange to Santa Cruz County. From the dunes in 
the region of Carmel, Monterey County, California, and rang- 
ing north along the coast to Coos County, Oregon, is the coastal 
species, G. arenicola, which is generally found on the most re- 
cent coastal dunes, mesas and beaches. 

Grindelia stricta, with its varieties, is another of the rather 
wide-ranging coastal types, being distributed from southern 
Alaska in the vicinity of Port Mulgrave south to Mendocino 
County in northern California. It is a more or less distinct 
species throughout this range, but in the Puget Sound region 
and in the Sound to the north between Vancouver Island and 
the mainland of British Columbia, it gives rise to series of ex- 
tremely perplexing variations. A robust form with large 
leaves and heads, var. macrophylla, occurs along the larger 
estuaries farthest removed from the direct ocean currents; 
another variation, var. lanata, with more or less pronounced 
pubescence on stem, leaves, and involucre, is found along the 
seashore often on rocky shores; var. aestuarima, with more 
sharply serrate, firmer, more resinous leaves and more res- 
inous involucres, is very common in the salt marshes, estuaries, 
and sand beaches in the Puget Sound region; var. Andersonii 
in salt marshes around Saanich Arm, southeastern Vancouver 
Island, has become exceedingly foliose towards the heads; and 
var. collina, another variation of the same series, has betaken 
itself to dry terrestrial habitats where it has developed smaller 
heads and slender resinous leaves. It is interesting that the 
range of G. stricta, including all its varieties and forms, 
is approximately that of Glehnia leiocarpa Mathias,*" but 
Glehnia leiocarpa has not differentiated into a number of vari- 
ations as has G. stricta. The localization to certain estuaries 
of varieties of Grindelia, especially those on the Pacific Coast, 
is somewhat analogous to the estuarine problems of variation, 


* Mathias, M. Studies in the Umbelliferae. I. Ann. Mo. Bot. Gard. 15: 95-101. 
1928. 
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isolation, and endemism in the genus Bidens in eastern North 
America.*® 

A very striking correlation exists between the present dis- 
tributions of certain species of Grindelia and the recent geo- 
logical history of the Willamette Valley, the Puget Sound, and 
Puget Trough regions. According to Fenneman, the Puget 
Trough is ‘‘a long valley enclosed on the east by the cascades 
and on the west by the Olympic Mountains and the Oregon 
Coast Range. Its northern end (within the United States) is 
occupied by Puget Sound. Its southern end is the Willamette 
Valley in Oregon.’’*® While the Puget Trough was a sinking 
geosyncline it was receiving sediments. It was then uplifted, 
and the erosion which followed resulted in Willamette and 
Sound valleys. ‘‘These newer lowlands have since been in 
large part buried; in the north by glacial drift and outwash; in 
the south by sediments deposited when the Willamette and 
lower Columbia Valleys stood for some time below sea- 
level.’’*° During the melting of the last ice sheet the Willa- 
mette Valley lay below sea-level. ‘‘The valley of the Columbia, 
both east and west of the Puget Trough was a strait. This was 
at the time when Puget Sound was last depressed, following 
the disappearance of the ice sheet. Over most of the Willa- 
mette Basin the soil is derived from sediments laid down in this 
sound.’’*! In late Pleistocene the sea advanced up the Co- 
lumbia River and flooded the present Willamette Valley.*? 
Also during the course of the last Puget Sound submergence 
the higher mountain ridges were left standing as projecting 
islands (San Juan and others). 

"For discussion, see Fernald, M. L. Some noteworthy varieties of Bidens. 
Rhodora 15: 74-78. 1913; Fernald, M. L. and H. St. John. Some anomalous species 


and varieties of Bidens in eastern North America. Rhodora 17: 20-25. 1915; Fas- 
sett, N. C. The vegetation of the estuaries of northeastern North America. Proc. 
Bost. Soe. Nat. Hist. 39: 76-118. 1928. 

* Fenneman, loo. cit. p. 443. 

“ Fenneman, loc. cit. p. 451. 

“ Fenneman, loo, cit. pp. 453-454. 

“ Fenneman, loc. cit. p. 263; and Bretz, J. H. The late pleistocene submergence 
in the Columbia Valley. Jour. Geol. 27: 489-506. 1919. 
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Grindelia integrifolia and var. virgata occur only on the 
Quaternary gravels, sands, or silts of the Willamette Valley 
region north to Vancouver, Washington, and east to Hood 
River, Oregon (except for an isolated station of var. virgata on 
the San Juan Islands), whereas G. stricta var. collina and var. 
lanata have taken to the coastal rocky bluffs, seashore, and 
islands in and about the Puget Sound and the southern tip of 
Vancouver Island. After the flooding of the Pacific Coast, in- 
cluding Puget Sound and various subsidences, G. stricta be- 
came widely distributed in salt marshes, estuaries, sand 
beaches, and other coastal habitats from southern Alaska to 
northern California, giving rise to many variations in the 
Puget Sound area, G. stricta var. lanata and G. stricta var. 
collina being two. Upon the submergence by the Columbia of 
the Willamette Valley in late Pleistocene, the maritime G. 
stricta var. lanata intruded along the marginal beaches and 
shores of the Valley; then, upon the withdrawal of the sea and 
the later burial of the Willamette Valley by depositions of 
sand, gravel, and silt, its Puget Sount prototype which had 
penetrated this area was forced to take to the dry land of 
the Willamette Valley region where it has given rise to G. 
integrifolia. When the San Juan, Vancouver, and other is- 
lands were left standing in Puget Sound, G. stricta var. collina 
became the terrestrial phase of G. stricta; and at the time the 
Willamette Valley was depressed along with the rest of the 
Puget Sound, the maritime types invaded the Valley. Then, 
following the withdrawal of sea water and the consequent dep- 
osition, the maritime types took to the dry lands; but G. stricta 
var. collina, following this connection between the submergence 
of the Puget Sound and Willamette Valley, gave rise in the 
Willamette Valley region to G. integrifolia var. virgata. Asa 
relic pointing to the former submergence of these portions of 
the Puget Trough we find this variety (outside of its occur- 
rence in the Willamette Valley region) isolated on one of the 
projecting portions of the San Juan Islands. The Willamette 
Valley region, its floor covered by Quaternary and Recent de- 
posits, has a fair number of species restricted to it. These 
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endemics are practically all species just beginning, excellent 
examples of which are Sidalcea campestris and S. virgata.** 

Grindelia camporum and its varieties are found in the Great 
Valley of California and southwestern Oregon, that is, the San 
Joaquin and Sacramento River valleys, the Tulare Basin, the 
western lower foothills of the Sierra Nevadas and the foothills 
of the northern and central Coast Range, and the river valleys 
of southwestern Oregon. Practically all of the floor of the 
Great Valley is covered with Pliocene, Pleistocene, or Recent 
alluvium, consisting of clay, sand, or gravel, most of it being 
of Recent or Quaternary origin. Several times during the 
Eocene and Pliocene and in the Pleistocene it was an inland 
sea.*# Its successive sinking, often followed by seaward in- 
vasion, has been linked with the history of the surrounding 
Coast and the Sierra Nevada Ranges which have been con- 
tinually warped upward. In the Lower and Upper San Pedro 
Epochs (Champlainian) of Quaternary time, when the sur- 
rounding ranges were much uplifted, much of the unconsoli- 
dated filling of the basin has accumulated. Even more recently 
(Terrace Epoch of Quaternary time) terraces were formed in 
the fluviatile sediments in nearly all the Coast Range Valleys.*® 
Obviously, G. camporum and varieties, as well as many other 
species of the Great Valley, must have migrated into it since 
Quaternary or even Recent times. 

Grindelia nana and its varieties and forms, most closely 
allied to G. camporum var. Davyi, occupy the youthful terri- 
tory of the Columbia Plateau (Oregon, Washington, Idaho) 
and adjacent regions in northern Nevada, California, and west- 
ern Montana. Most of the rocks of the Columbia Plateau are 
the result of great outpourings of lava of Tertiary (beginning 

“Roush, E.M. P. A monograph of the genus Sidalcea. Ann. Mo. Bot. Gard. 18: 
175-179. 1931. See aiso Peck, M. E. Am. Jour. Bot. 12: 39-41. 1925. 

“Jepson, W. L. Manual of flowering plants of California. p. 10. 1925; and 
Anderson, W. C. Proc. Cal. Acad. Sci. IV. 8: 6, 7, 32. 1908. 

“For discussion, see Smith, J. P. loc. cit; Fenneman, N. M. loc. cit. pp. 472- 
481, especially fig. 165. with bibliography; Bryan, K. Geology and ground-water 


resources of the Sacramento Valley, California. U.S. Geol. Survey, Water Supply 
Paper No. 495. 1923. 
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with the Miocene) and Quaternary times. The Snake River 
Plain has been covered with great quantities of Pleistocene 
basalt. The lavas throughout the range of G. nana and va- 
rieties are generally alkaline. Most of the valleys of the moun- 
tain region of Idaho where the species occurs are covered with 
Quaternary deposits.*® Many of the valleys of western Mon- 
tana are filled with Tertiary and later sediments. ‘‘The upper 
Flathead Valley is . . . underlain in part by Miocene beds 
and partly filled by glacial deposits.’’** 

The distribution of G. coluwmbiana is definitely correlated 
with the late Pleistocene submergence of the area occupied. 
This species is practically restricted to the immediate environs 
of the Columbia River and some of its branches (Yakima 
River) in Washington and Oregon and to a limited extent the 
Snake River inIdaho. The Columbia River in this region flows 
through the Tertiary and Quaternary lava deposits. The last 
cycle of erosion of the cuttings of the Columbia River gorge is 
also Recent. Coulees are associated with the Pleistocene drain- 
age of this river. ‘‘They represent approximately the normal 
drainage lines of the present-day but more accurately the lines 
of Pleistocene drainage. . . . These coulees and scablands re- 
sult from erosion by glacial streams of great volume and steep 
gradient escaping from the ice-covered area to the north.’’* 
They are the abandoned courses of ancient rivers extending in 
Washington from the Snake River north to the Spokane and 
Columbia Rivers, and west to the Columbia River (including 
Douglas, Lincoln, Adams, and part of Yakima and Franklin 
Counties). The largest of the coulees are Grand Coulee and 
Moses Coulee. During the Wisconsin glacial epoch of Pleisto- 
cene time a glacial lobe of the ice sheet from the Okanogan 
Valley west of the Grand Coulee covered the Columbia River, 
crossing and blocking the Columbia Gorge, and damming back 
the waters until they rose to the level of the former Grand 
Coulee. This caused the waters to find a temporary new chan- 
nel through the Grand Coulee. Following the depression in 


“ Fenneman, loc. cit. pp. 185-196. * Fenneman, loc. cit. pp. 258-259. 
“ Fenneman, loc. cit. p. 208. 
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the Grand Coulee to the lower course of Crab Creek the waters 
of the Columbia River finally rejoined the main course of the 
river.4® After the withdrawal of the glacial lobe and retreat 
and melting of the ice, the Columbia again followed its present 
course, leaving the Coulees as abandoned water courses. In 
late Pleistocene time the Columbia River was flooded by marine 
waters which submerged Yakima and Walla Walla Valleys.®° 
The occurrence of G. columbiana at Grand Coulee above Blue 
Lake, Grant County, and at Wilson Creek, Whitman County, 
shows that it had followed the course of the Columbia River 
when the waters were forced to flow temporarily through the 
channels of the Coulees. 

The distributional ranges of various species of Grindelia are 
closely correlated with the several floristic provinces main- 
tained by Peck"! in his preliminary study of plant regions of 
Oregon. These natural plant regions are the Northern Coast 
Region, Northern Coast Mountain Region, Willamette Valley 
Region, Rogue-Umpqua Region, Southern Coast Region, 
Southern Coast Mountain and Siskiyou Region, Cascade Re- 
gion, Eastern Oregon Region (subdivided into the Columbia 
River Area, Yellow Pine Area, Bunch-grass Area, Lake Area, 
and Sagebrush Area), and the Blue Mountain Region. 

The restriction of G. integrifolia and G. integrifolia var. 
virgata to the Willamette Valley region has already been dis- 
cussed. Placing the Columbia River area under the Hastern 
Oregon Region takes care of the confinement of G. columbiana. 
The separation of the coastal flora into the Northern and 
Southern Coast Regions at approximately the mouth of the 
Coquille River is also a very natural division. At this point 
there is a strong break and contrast in floras, that to the south 
being decidedly Californian, whereas that to the north is the 
northern coastal flora which ranges from Alaska or British 
Columbia southward and sometimes penetrates into Califor- 

“ Fenneman, loo. cit. pp. 256-263. 

“Bretz, J. H. The late pleistocene submergence in the Columbia Valley. Jour. 
Geol. 27: 489-506. 1919; see also Fenneman, loc. cit. p. 263. 


“Peck, M.E. A preliminary sketch of the plant regions of Oregon. I. Am. Jour. 
Bot. 12: 33-49; II. 69-81. 1925. 
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nia. Applying these coastal divisions to Grindelia we find that 
G. arenicola with its varieties is mostly Californian, but 
reaches Oregon at the mouth of the Coquille River (at the 
sand dunes at Bandon), the division point between northern 
and southern floras; north of Bandon along the Oregon Coast 
the only coastal species encountered is G. stricta which is the 
common coastal Grindelia from southern Alaska south to Men- 
docino County, California. 

Grindelia nana, with variations, is mostly confined in Oregon 
to the Bunch-grass Area and part of the Lake Area of the 
Eastern Oregon Region, although it penetrates also into the 
Rogue-Umpqua and Southern Coast Mountain and Siskiyou 
Regions. It is absent from the Willamette Valley Region 
(where G. integrifolia and var. virgata occur) which is more 
humid and which has had recent connections with the ocean 
water. Grindelia nana is most closely allied morphologically 
to G. camporum, the connection being most obvious between 
G. nana var. altissima and G. camporum var. Davyi. The for- 
mer is found in northern California in the vicinity of the Coast 
and Sierra Nevada Ranges and southwestern Oregon, whereas 
the latter is mostly in cismontane California from approxi- 
mately middle California northward, often occurring in the 
foothills of the Coast Ranges and the western foothills of the 
Sierra Nevada. 

Grindelia nana, with its varieties, is dispersed mostly in the 
Arid Transition and Upper Sonoran zones of Oregon, Wash- 
ington, Idaho, northern California, northern Nevada, and 
western Montana, but its relationships are with the Californian 
G.camporum complex. This Californian element in the flora of 
Oregon and Washington is remarkably important. Piper™ 
points out that Upper Sonoran plants of the Columbian Basin 
have originated in part from California and in part from the 
Great Basin. Furthermore, the natural route of the California 
plants, as influenced in large part by the prevailing south- 
westerly winds, would be in northeastern California through 
the Klamath Gap made by the Klamath River and lakes. He 


" Piper, C. V. Contr. U. 8. Nat. Herb. [Fl. Wash.] 11: 38. 1906. 
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also states that few of these Upper Sonoran plants have 
reached the Columbia Basin by way of the Willamette Valley 
and the Columbia River because the Rogue River Mountains 
of southwestern Oregon form a natural barrier. Similarly, 
most of the Californian element in the Humid and Arid Transi- 
tion areas in Washington reached the Columbia Basin by way 
of the Klamath Gap.5* These statements accord nicely with 
the relationship between G. nana and G.camporum. The latter, 
of Californian origin, has undoubtedly given rise through G. 
camporum var. Davyi to G. nana by way of G. nana var. altis- 
sima. The migration of G. nana and varieties from California 
northeastward to western Montana, Idaho, eastern Washing- 
ton, and Oregon east of the Cascades has certainly taken place 
through the Klamath Gap. The natural barrier of the Rogue 
River Mountains and the Calapooia Divide has been effective 
against the northward migration of G. nana and var. altissima 
from southwestern Oregon into the Willamette Valley Region. 

Grindelia squarrosa and G. perennis, the former of the cen- 
tral prairies, the latter of the high northern plains, generally 
occur on Tertiary or even more recent territory. Many glacial 
lakes were formed in the high plains of Canada in Alberta and 
Saskatchewan from Great Slave Lake southward into northern 
Montana when the region was covered and severely scoured by 
the great Keewatin ice-sheets of Pleistocene time. Grindelia 
perennis is found around such lakes on the plains at Calgary 
and Edmonton—a region not available for plant occupation 
until Post-Pleistocene times. Most of the remaining portion 
of the prairies and plains occupied by G. perennis and G. squar- 
rosa is of similarly youthful soils, made up of glacial till or of 
Tertiary or Quaternary deposits. 

Although the majority of the species of Grindelia are of 
Pleistocene or Post-Pleistocene dispersal, a few species occur 
in areas which are geologically older and which have been ex- 
posed and available for plant occupation since the end of the 
Paleozoic area: Such are the Ozark Plateau of Missouri, Ar- 
kansas, and eastern Oklahoma, the Edwards Plateau of Texas 

* Piper, loc. cit. p. 43. 
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and the great Mexican Plateau. The Cretaceous seas failed to 
invade the Appalachian Upland or the Ozark Plateau or the 
Mexican Plateau. Then, at the close of the Cretaceous they 
were affected by a general uplift, and again, towards the close 
of the Tertiary period, the Appalachian Upland and Ozark 
Plateau were uplifted.°* The Mexican Plateau has not been 
available for plant occupation since the close of the Paleozoic, 
but it has been free from sea invasions since Cretaceous 
times.®® 

Fernald has found that the plants of the most ancient dis- 
persal occupy the land areas which have stood above sea-level 
since Cretaceous or in some cases since the close of the Pale- 
ozoic (although in many instances plants which now occupy the 
most youthful territory, that is, the Atlantic Coastal plain, 
were originally those of the peneplained Appalachian Upland 
which were compelled by invasions of mesophytic plants, fol- 
lowing uplifts and erosion, to move out onto this new area). 
He finds that those groups in eastern North America which are 
related to similar groups in the most ancient parts of the 
World (mostly in Australia, New Zealand, and South Africa, 
also to a more limited extent in the Falkland Islands, India, 
Malay Archipelago, western South America, and a few other 
places) today are persisting on these ancient Mexican uplands, 
uplifted Appalachians, and a few on the Ozark Plateau. 

A number of species of Grindelia are limited in distribution 
to the Ozark and Mexican Plateaus and Appalachian Upland 
which have (in the case of the Ozark and Appalachian areas) 
been available for occupation at least since the close of the 
Paleozoic and, in the case of the Mexican Plateau, late 
Cretaceous. The Edwards Plateau of Texas has been more 
or less available since the beginning of the Cenozoic after the 
withdrawal of the Cretaceous seas. This does not imply neces- 
sarily that plants have occupied these old emergent conti- 


“Fernald, M. L. Specific segregations and identities in some floras of eastern 
North America and the Old World. Rhodora 33: 25-63. 1931. 


“Schuchert,C. A. Textbook of geology. Part II. Historical geology. pl. 41, 42, 
and 45. 1924. 
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nental areas since late Cretaceous or late Paleozoic times, but 
that they are limited to such areas and consequently are older 
than those species which occur on areas generally not available 
until late Tertiary, Pleistocene, or even Post-Pleistocene times. 

Grindelia lanceolata is confined to the southern Appalachian 
and Ozark Uplift region, on limestone glades and limestone 
prairies from central Tennessee and northern and central Ala- 
bama to the Ozark region of Missouri, Arkansas, southeastern 
Kansas, and eastern Oklahoma, penetrating slightly into 
northeastern Texas on upper Cretaceous limestone soils 
(Drummond from ‘‘San Felipe de Austin,’’ in Gray Herbar- 
ium is of this species, but the locality may have been confused 
as this species has not been collected there since). Aside 
from the Texas collections, G. lanceolata lies entirely within 
the Southern Appalachian-Ozarkian Plateau, a region avail- 
able for plant occupation since the close of the Paleozoic. It 
is more likely, however, that the species occupied this area 
about early Eocene time following the late Cretaceous uplift; 
nor is it unlikely that it arrived towards the close of the Terti- 
ary period when the region was again uplifted. 

Grindelia texana, which has either been derived from or 
given rise to G. lanceolata, is confined to Cretaceous strata of 
the Edwards Plateau and Texas Hills section of Texas®*® and 
the Arbuckle Mountain region of south-central Oklahoma. 
This area has not-been submerged by the seas since the close of 
the Cretaceous period, and has been available for plant in- 
vasion since that time. It is very likely that G. texana entered 
there in early Eocene times or perhaps later. Grindelia 
grandiflora, confined to northeastern Mexico and the Devils 
River country of the Edwards Plateau in Texas, probably 
entered Texas at about the same time. 

It is probable that the inter-migration of Mexican and South 
American species of Grindelia occurred no earlier than the 
close of the Cretaceous but more likely in Eocene or Miocene 
times, after which the Mexican and South American species 


“Deussen, A. Geology of coastal plain of Texas west of Brazos River. U. 8. 
Geol. Surv. Prof. Paper No. 126:3. fig. 2. 1924. 
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became separated and have diverged along their respective 
evolutionary lines. 

As already stated, the oldest species of Grindelia occupying 
the oldest land areas are G. lanceolata, G. texana, and all the 
species of the Mexican Plateau. To this list might be added 
G. scabra and var. neomezicana, G. arizonica and varieties, G. 
Havardii, G. grandiflora, and perhaps several others. The 
youthful species have been derived from those occupying the 
Mexican, Ozark, and Edwards Plateau and Texas Hills region, 
or from species derived from occupants of the geologically 
more ancient areas. Many of these species, such as G. oolepis, 
G. Blakei, G. humilis, G. littoralis, etc. are endemics, just be- 
ginning their evolution. Some youthful species on young ter- 
ritory have a wide distribution, such as G. perennis, G. stricta 
and varieties, G. squarrosa, G. rubricaulis and varieties, and 
G. nana and varieties. 

The fact that youthful species of approximately the same 
age and on comparatively equally youthful soils may have very 
broad or very limited ranges argues strongly against the age- 
and-area hypothesis. Additional evidence against it is the dis- 
tribution of most of the species of the genus. The genus asa 
whole is a large one, consisting of 57 species, over 40 varieties 
(many of which are incipient species), and about 24 forms. It 
occupies a greater part of western North America and much of 
South America. However, its distribution is not due to its long 
period of evolution, but rather to its aggressive and pioneering 
tendency. Most of the species are exceedingly plastic because 
of their youth, and the many variations have not yet had time 
to differentiate themselves, nor have the geographic barriers 
been great enough to have accomplished this. The genus is to 
be compared very consistently with such youthful genera as Ap- 
lopappus, Solidago, and Artemisia. In the words of Fernald: 

**TIs it not singular that Zriogonwm, Crataegus, Rubus$ Eubatus, Lu- 


pinus, Astragalus, Oenothera, Gilia, Phacelia, Pentstemon, Solidago, Aplo- 
pappus, and Artemisia should have not even a single species associated with 


" Fernald, M. L. Isolation and endemism in northeastern America and their re- 
lation to the age-and-area hypothesis. Am. Jour. Bot. 11: 568, 570. 1924. 
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the ancient types which inhabit Australia and New Zealand, and that only 
0.02 of the total species of Potentilla, Euphorbia, Aster, and Erigeron 
should have reached those lands? Is it not equally noteworthy that, with 
the exception of Crataegus and the blackberries (Rubus § Eubatus), all the 
largest genera of the temperate North American flora should be centralized 
upon the Tertiary sea bottoms (relatively youthful country) of the Medi- 
terranean and Austro-Russian basins of the Old World and in the vast area 
of youthful country west and southwest of the Mississippi? The blackber- 
ries are most virulent in central and western Europe, a region available to 
plants only since the Pleistocene glaciation, but likewise in the glaciated 
region and the Tertiary coastal plain of eastern North America. Cratae- 
gus has its phenomenal development in the eastern United States and south 
ern Canada, where it must have produced a multitude of its species in post- 
glacial time. 

‘‘Tt should be perfectly obvious that these genera and likewise such 
overwhelmingly large genera of Europe and southwestern Asia (but not of 
Australia and New Zealand) as Dianthus ..., Silene... , Verbascum 
.. +, Cousinia..., Centaurea... , and Hieracium..., are really 
very young, or if geologically old (Crataegus and Rubus for example), they 
have been encouraged by modern conditions to rapid multiplication. And, 
if we estimate success of plants by their ability to cover country, to take 
care of themselves, and to multiply their variations to the bewilderment of 
the best systematists, then these are surely successful genera.’’ 


In the same article, speaking of the woody Veronicas of New 
Zealand and the genus Hebe, Fernald*® points out that thereis a 


‘similar multiplication of modern species and varieties in many 
old genera of the northern hemisphere: Salix, Carya, Betula, 
Quercus, Crataegus, Rubus, Tilia, Rhododendron, and others, 
which date chiefly from Cretaceous time. It simply means that 
under favorable conditions ancient generic stocks may enter a 
cycle of rapid multiplication of species.’’ 


RELATIONSHIPS OF THE GENUS 


Following Bentham and Hooker,*® Engler and Prantl,®° and 
Gray,*? all authors have placed the genus Grindelia in the tribe 
Asteroideae or Astereae-Solidagininae. Formerly, however, 
there was not such a universality of opinion. Although many 
early authors included Grindelia with the Astereae, some placed 

* Fernald, loc. cit. p. 571. 

” Bentham, G. and Hooker, J. D. Gen. Pl. 2: 250. 1873. 


“Engler, A. und Prantl, K. Die Nat. Pflanzenfam. IV*: 148. 1889. 
“Gray, A. Syn. Fl. N. Am. 1*: 116. 1884, and ed. 2. 1888. 
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it under Achyrideae, Chrysocomeae, or Solidagineae of the 
Astereae; others, like Cassini,®°? combined Grindelia, Aurelia 
and Xanthocoma into the Grindelieae as a subdivision under the 
Solidagineae. Some followed Reichenbach * who proposed the 
name Grindeliaceae as a section of the Solidagineae,* to which 
were referred Xanthocoma, Grindelia, and Donia. 

While the consensus of opinion is that Grindelia has been cor- 
rectly placed in the tribe Astereae, the present writer has con- 
cluded that its affinity is with the tribe Heliantheae ; and that it 
represents a connecting link between Heliantheae and Astereae. 
The following facts bear out such a conclusion. The bristle- or 
awn-like pappus, composed mostly of 2-10 (rarely to 15 accord- 
ing to Cabrera) slender or paleaceous bristles, is helianthe- 
aceous and also helenieaceous rather than astereaceous. The 
caducous pappus is not known elsewhere in the Astereae, but 
there are several genera in the Heliantheae (among them Heli- 
anthus, Berlandiera in part, and Melanthera) which possess 
deciduous or even caducous pappus-bristles. Further, the res- 
inous character of the involucre and of the leaves is shared by a 
number of genera in the Heliantheae and in Helenieae but is ex- 
ceptional in the Astereae (being found mostly in some species of 
Aplopappus, Chrysothamnus, Vanclevea, etc.). Again, the 
studies by Miss Koch® on the ray- and disk-florets of Grin- 
delia squarrosa show that the anatomy of Grindelia was 
definitely of the Heliantheae type and not at all that of the 
Astereae. 

Finally, the receptacle in Grindelia shows affinities with 
Heliantheae rather than Astereae. In most of the species it 
is deeply foveolate, but close examination of the heads in 
anthesis shows that the foveolate appearance is due to each 
floret being set in a single foveola. However, each foveola is 
bordered on four sides by more or less coalescent outgrowths, 

“Cassini, H. Diet. Sci. Nat. 37: 468. 1825. 


* Reichenbach, H. G. L. Conspectus. p. 107. 1828. 

“For the complete references of the disposition of Grindelia by authors up to 
1874, see Pfeiffer, L. Nom. Bot.2: 1504. 1874. 

“Koch, M. F. Studies in the anatomy and morphology of the composite flower. 
I. Am. Jour. Bot. 17: 938-952; II. 995-1010. 1930. 
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and each outgrowth tapers upward into an acute to subulate 
apex becoming: several millimeters long in many species. 
When well developed these subulate processes strikingly re- 
semble a reduced type of chaff. They are coriaceous, cartilag- 
inous, or firmly membranaceous and have become concrescent, 
giving the appearance of a honeycombed receptacle. In Bald- 
winia, one of the Heliantheae, the chaff of the receptacle has 
become concrescent, coriaceous, or cartilaginous, and persist- 
ent, forming a deeply alveolate structure in which the achenes 
are enclosed. On account of the properties possessed in com- 
mon by Grindelia and many Heliantheae (and also Helenieae) 
these foveolate outgrowths of Grindelia may be regarded as 
actually reduced or specialized chaff which has become more 
or less degenerate. Moreover, the dorsally pubescent terminal 
appendages of the stylar branches and the anthers of Grindelia 
could be included in the Heliantheae just as well as in the 
Astereae. 

While the evidence seems to point to the actual affinity of 
Grindelia with the tribe Heliantheae, one cannot overlook the 
affinity of the genus with certain homochromous Astereae, such 
as Vanclevea, Aplopappus (especially section Prionopsis), 
Xanthisma, Acamptopappus, and perhaps Chrysothamnus. 
T. S. Brandegee® originally placed his genus Eastwoodia in 
the Astereae on account of its involucre, style-tips, and the 
general habit of the desert species of Aplopappus, although 
he recognized that it differed from all other genera of the tribe 
by its complicate-chaffy receptacle and pappus composed of 
5-8 unequal persistent awns. An astereaceous genus with a 
complicate-chaffy receptacle combined with a pauci-aristate 
pappus is certainly very anomalous; and Greene®™ recognized 
it as an anomalous genus of the Astereae. The genus Last- 
woodia differs from Grindelia in having a persistent pappus 
and complicate-chaffy receptacle but it is quite closely related, 
much more so than are Gutierrezia, Gymnosperma, or Penta- 

“ Brandegee, T. S. Two undescribed plants from the Coast Range. Zoé 4: 397- 
398. 1894, 

“Greene, E.L. Flora Franciscana. part. IV. 361. 1897. 
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chaeta. According to the judgment of the present writer, 
Eastwoodia is out of place in the Astereae, and should certainly 
be in the Heliantheae. 

Of the various homochromous astereaceous genera with 
which Grindelia in the past has been allied, attention should be 
directed to Aplopappus. In discussing its affinities with other 
genera, Hall** suggests a possible connection of the section 
Prionopsis of Aplopappus with Grindelia because the ‘‘much 
narrowed and deciduous pappus-awns’’ of the latter ‘‘closely 
resemble section Prionopsis.’’ Later in his description of the 
single species, Aplopappus ciliatus, of the section Prionopsis, 
he says of the pappus ‘‘all bristles . . . tardily deciduous, often 
in groups.’’*® However, the present author examined many 
specimens of Aplopappus ciliatus and found the pappus always 
truly persistent. With care one can actually force the pappus 
which is united at the base to fall off as a whole, and that is 
about the extent of its being deciduous. The real relationship, 
if any, between Grindelia and Aplopappus section Prionopsis 
is in the reduced number of pappus-bristles compared with 
most of the other sections. A much closer connection between 
Grindelia and Aplopappus, and probably the best one, is to be 
found in Aplopappus occidentalis (section Isopappus) which 
has, according to Hall,”° a ray-pappus of 5-6 slender deciduous 
bristles and a disk-pappus of 1-8 deciduous bristles, and in ad- 
dition possesses a viscid and glandular involucre. 

Vanclevea is closely related to Grindelia by its resinous in- 
volucre and pappus of comparatively few (12 or so) bristles, 
but differs in having a persistent pappus of more numerous 
bristles, very elongated exserted stylar branches and append- 
ages, leaves of entirely different insertion and position, as 
well as a peculiarly shedding epidermis of the stem. Van- 
clevea appears to be more closely related to Acamptopappus 
and is also related to Chrysothamnus. The latter in turn is 


@Hall,H.M. The genus Haploppaus. Carnegie Inst. Wash. Publ. No. 389: 27. 
1928. 


* Hall, loc. cit. p. 84. 
® Hall, loc. cit. pp. 214-216. 
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connected through its section Punctati with section Ericameria 


of Aplopappus. 
Grindelia does not appear to be related closely to Gutier- 
recia, Amphipappus, and Gymnosperma. These genera would 
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Fig. 2. Chart showing relationships of the genus Grindelia. 


seem to be more closely allied to section Euthamia of Solidago, 
because of their rather numerous small heads, similar habit, 
and superficial similarity of involucral bracts. The pappus, 
however, of these genera is entirely different. 
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Remya, a genus of the Sandwich Islands, although usually 
placed near or next to Grindelia, is not especially closely allied, 
and is certainly not as near as are Vanclevea, Eastwoodia, cer- 
tain species of Aplopappus, Acamptopappus, and others. 
Remya differs from Grindelia in having a persistent pappus, 
sub-bilabiate ray-corollas, small narrower heads, and in habit. 
Lastly, Pentachaeta is more closely related to other homo- 
chromous genera of the Astereae than to Grindelia. 

It would appear that many of the homochromous Astereae 
are at one end of that tribe and have given rise to members 
which are transitional to the Heliantheae and Helenieae. 
Grindelia and Eastwoodia seem to be two such genera which 
possess characters that stamp them as being more helianthe- 
aceous than astereaceous (fig. 2). 


PHYLOGENY 


Grindelia is an excellent example of a very natural genus, 
like Crataegus, Rubus, Salix, Viola, Dodecatheon, ete. Such 
genera, where definite homogeneity is maintained throughout 
and all the species exhibit the characteristic generic morpho- 
logical limitations, are not likely to be confused with others. 
Often genera which are quite coherent allow themselves to be 
subdivided into natural sections or subgenera. With Grin- 
delia, however, the species are so closely inter-related and give 
to the genus such a high degree of homogeneity that the estab- 
lishment of sections would be artificial and well-nigh impos- 
sible. True, various species tend to form into little groups, 
but the lines are not sufficiently sharp to permit subgeneric or 
sectional groups. For example, the rugose surface of the ma- 
ture achene in a number of Mexican species, combined with a 
capillary-like pappus, would be important enough for a sec- 
- tional category were it not that other Mexican species with a 

similar type of pappus have smooth achenes. Knobby or tooth- 
like processes or undulate-bordered ridges at the apex of the 
achene are possessed by many Pacific Coast species and might 
be used for a sectional character, except for the fact that some 
Pacific Coast species possess a subtruncate apex or one with 
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scarcely any indication of apical processes or the like; besides 
there are many transitional types which it would not be pos- 
sible to place in a definite category. 

Rubus, Crataegus, Artemisia, Eriogonum have also had a 
relatively recent evolution or a recent cycle of rapid multiplica- 
tion of types. With such genera we are having the opportunity 
of examining a large suite of recently evolved, closely related 
forms, in a conspicuously branching evolutionary tree. In 
most cases there are relatively so few, if any, hiatuses, that 
their evolutionary history is more or less apparent and re- 
quires only a careful and close analytical study to unite the 
relationships. Often the phylogenetic sequence is very closely 
correlated with the geographical distribution and limitations. 
In Grindelia this is quite evident. All the recently evolved and 
closely related species and varieties of the Pacific Coast and 
interior plains and prairies show a remarkably inter-related 
complex of linkages, the geographic ranges of which overlap at 
the margins. 

Probably some of the Mexican and South American species 
of Grindelia were at one time associated with one another and 
were derived from a common ancestral form. They have been 
separated, however, since early Cenozoic time, when Central 
and South America were separated by seas, and they have since 
diverged along independent paths. Most of the North Ameri- 
can species seem to have been derived from species of the 
Ozark and Edwards Plateaus and Texas Hills section. The 
major phylogenetic trends of the non-Mexican, North Ameri- 
can species seem to have been closely correlated with major 
northward paths of migration from the Mexican species, and 
radiation taken place eastward and westward. 

From G. oxylepis and its variety eligulata or G. subdecurrens 
of Mexico two major paths of migration are correlated with 
specific differentiation. Grindelia oxylepis has given rise to 
G. arizonica and varieties, which in turn link up with the Pa- 
cific Coast species complex and these species (G. owylepis var. 
eligulata and G. subdecurrens of Mexico) seem to connect at 
several points with the species complex, G. Havardii-G. squar- 
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rosa-G. perennis and related types. It is possible to derive the 
radiate G. Havardit from the radiate Mexican G. subdecurrens 
because of their common characters: squarrose or spreading 
involucral bracts, firm resinous-punctate, evenly crenulate- 
serrulate leaves, and a more or less conspicuously resinous in- 
volucre. From G. Havardu of western Texas and adjacent 
New Mexico the transition to the radiate G. squarrosa, prin- 
cipally by the bracts becoming more reflexed and the pappus- 
awns serrulate or setulose, seems logical. By a narrowing of 
the leaves G. squarrosa var. serrulata has become set off from 
the species as the latter migrated westward into the Colorado 
mountain region. Grindelia perennis has segregated from G. 
squarrosa var. serrulata as the species invaded the high north- 
ern plains from North Dakota, central and northern tata 
and Montana northward into Canada. 

Another line of derivation of G. squarrosa from a a 
type is also possible. Grindelia oxylepis var. eligulata, a dis- 
coid Mexican type, has evidently given rise, on the one hand, 
to the eligulate G. aphanactis of New Mexico, Arizona, south- 
ern Colorado, and southeastern Utah, and on the other hand, 
to the discoid G. squarrosa var. nuda and its form angustior. 
These last two occupy a southern range from southern Kansas, 
western Oklahoma, and central and western Texas, the f. 
angustior being scattered in the western and northwestern 
portion of the Texas Panhandle region. From the discoid G. 
squarrosa var. nuda it is very possible that the radiate G. 
squarrosa has been derived. The latter occupies a more north- 
ern range which touches that of the discoid G. squarrosa var. 
nuda in northwestern Texas and southern Kansas. If G. 
squarrosa has been derived from G. squarrosa var. nuda, the 
only possible derivation of the latter would be from the discoid 
Mexican G. oxylepis var. eligulata. However, if one sought 
for a derivation of G. squarrosa through a radiate type it would 
have to come from G. Havardii and it, in turn, from the Mexi- 
can G. subdecurrens. 

It is just as possible for a ligulate type to have evolved from 
a discoid one, as the reverse situation. One would suppose 
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that the addition of a zygomorphic, ligulate corolla to a com- 
posite head of otherwise actinomorphic flowers would denote 
a mark of evolutionary advance over a head with entirely 
actinomorphic flowers. Zygomorphy throughout the angio- 
sperms is looked upon as an advance over actinomorphy. 
Hall,”: however, regarded the discoid types of Aplopappus as 
cases of suppression from ordinary radiate types, and there- 
fore a mark of evolutionary advance. This suppression may 
have occurred in G. squarrosa var. nuda, but it would seem, 
on the basis of geographical migration northward from a 
Mexican ancestor, that G. squarrosa may well have been de- 
rived from the southern phase of G. squarrosa var. nuda, and 
this in turn from the Mexican G. oxylepis var. eligulata. How- 
ever, the derivation of G. squarrosa may have been through 
the G. subdecurrens-G. Havardii alliance, and G. squarrosa 
var. nuda might be interpreted as a discoid type derived from 
G. squarrosa. Grindelia columbiana and G. rubricaulis var. 
bracteosa appear to have resulted from suppression of the ray 
florets of G. nana and G. rubricaulis var. robusta respectively. 

The main line of evolution, however, concerns the Pacific 
Coast species. If the Mexican G. oxylepis is taken for the an- 
cestral type, it is found to connect with G. arizonica var. micro- 
phylla of Arizona, and this in turn with G. arizonica. From 
G. arizonica two lines of development have taken place. One 
begins with G. arizonica var. stenophylla of southwestern Colo- 
rado and northwestern New Mexico (probably derived from 
G. arizonica), with which are allied G. decumbens and its va- 
riety subincisa, G. laciniata, G. subalpina, G. acutifolia, and 
G. revoluta. Related to G. arizonica and varieties are G. 
scabra and var. neomexicana of New Mexico and western 
Texas. Obviously related to this alliance are G. lanceolata and 
G. texana, both occurring on areas that have been available for 
plant occupation since the close of the Cretaceous (the Ed- 
wards Plateau and Texas Hills section of Texas) or even since 
the Paleozoic (the Ozark Plateau). From G. lanceolata has 


™ Hall, loc, cit. p. 19. 
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been derived G. littoralis, a recently evolved species, occurring 
on the youthful, recent coastal soils about Galveston Bay. 

The other line from G. arizonica has proceeded towards the 
Pacific Coast species complex. The most obvious connection 
is with G. Halli of the Julian-Cuyamaca Lake region of San 
Diego County, southern California. In addition to their fairly 
common distributional areas, both have involucral bracts with 
primitive erect-appressed, or only slightly spreading, short 
tips, small heads, and herbaceous habit with relatively short 
stems. From G. Hallu one can derive the remaining California 
element. Since G. arizonica, the ancestor of G. Hallit, has in 
turn been derived from Mexican types similar to G. oxylepis, it 
is quite interesting to find this Sonoran element as the ances- 
tral type from which the later California element of the genus 
has been derived. Moreover, the relationship of some of the 
Californian flora from a derived Mexican element is strongly 
borne out by floristic studies.*7 A study of the northward 
trend of migration of Grindelia, with the resultant differentia- 
tion of specific and varietal types derived from G. Halli, shows 
that two main lines of evolution have taken place: one along 
the coast, the other northward up the Great Valley and lower 
foothills of the Coast and Sierra Nevada Range. These lines 
have diverged in the characters of the involucral bracts, the 
interior valley and foothill types mostly retaining erect, as- 
cending, spreading or squarrose involucral bracts, and the 
coastal line possessing a recurved or revolute type. Grindelia 
Hallu has potentialities of both types. 

From the evolution of the interior type from G. Halli, we 
find G. procera to be the most closely related. It has become 
a decidedly more luxuriant species, with larger leaves, more 
height, etc., but has retained the primitive small heads and 
relatively short involucral bracts with erect, ascending, or 
slightly spreading tips of G. Halliit. It is found in the San 
Gabriel Mountains of Los Angeles County and then ranges 
from Tulare Lake Basin in Kern and Tulare Counties north 


"= Jepson, W. L. Man. Fl. Pl. Cal. pp. 3 and 10. 1925. 
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along the San Joaquin River Valley to San Francisco Bay re- 
gion as far as Sacramento County. It then gives rise to G. 
camporum by enlarging the heads, lengthening the pappus 
awns and involucral bracts, the tips of the latter becoming 
elongated and conspicuously spreading or squarrose. The 
linkage between these two species is very evident through G. 
camporum var. parviflora which possesses the small heads and 
habit of G. procera but has the bracts, pappus, and achenes of 
G. camporum. 

Grindelia camporum, mostly of the lower San Joaquin River 
Valley from Contra Costa and San Joaquin Counties south to 
Merced and Fresno Counties and appearing in Los Angeles 
County, has given rise in Los Angeles and Kern Counties to 
var. australis with recurved bracts. It is replaced by G. cam- 
porum var. Davyi along the greater part of the Sacramento 
River Valley and tributaries, and in the lower foothills of the 
western slopes of the Sierra Nevadas and of the Coast Range. 
In the very youthful salt marshes and estuaries of San Fran- 
cisco Bay G. camporum, with var. Davyi, and G. procera, all of 
alluvial or otherwise terrestrial soils, have given rise to G. 
humilis and varieties of salt marshes. Since G. procera is of 
very recent origin and since the San Joaquin and Sacramento 
Rivers both represent drowned river valleys as they empty 
into San Francisco Bay, it would appear that G. camporum and 
its var. Davyi, as well as G. procera, have given rise at the 
mouths of these drowned rivers to the more youthful estuarine 
species. Thus, G. camporum or var. Davyi appear to have 
evolved in the Suisun marshes into G. humilis var. paludosa, 
whereas G. humilis and f. refleca would seem to have come from 
either G. procera or G. camporum var. Davyi. 

In the northern Coast Range region of California and 
towards the Oregon boundary, G. camporum var. Davyi de- 
velops heads with revolute or recurved bracts and shorter 
pappus awns, thus giving rise to G. nana var. altissima and 
var. turbinella. Cutting through the Klamath Gap (in north- 
eastern California and southwestern Oregon) northeastwards, 
east of the Cascades into Oregon, northern Nevada, Washing- 
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ton, Idaho, and western Montana the range of G. nana and va- 
rieties is continued. 

More or less of a continuous series from G. Halli to G. nana 
and varieties has now been traced. The other line of evolu- 
tion developing from G. Hallii is first found in G. rubricaulis 
var. elata. There the involucral bracts are definitely revolute 
or strongly recurved at the tips, a character merely beginning 
as a tendency in G. Halli. This var. elata rather begins where 
G. Hallii leaves off, ranging from the boundary of southern 
California in San Diego County northward along the coast to 
Ventura County, giving rise from Orange County northward to 
G. rubricaulis var. robusta. On the Santa Barbara Islands and 
to a limited extent on the adjacent mainland in Santa Barbara 
County a luxuriant form, var. latifolia, has become differenti- 
ated from var. robusta. Around the Monterey Bay region, still 
further north, and to a limited extent on the Santa Barbara 
Islands, another variation, var. platyphylla, is to be found. 

Grindelia hirsutula with varieties is found in the Coast 
Range hills and valleys around San Francisco Bay from 
Sonoma County south into San Luis Obispo County. Certain 
variations of it are connected through G. hirsutula f. patens, on 
the one hand, with G. rubricaulis, and on the other, with G. 
camporum var. interioris f. foliacea. 

From the coastal G. rubricaulis var. platyphylla has evolved 
G. arenicola. Certain collections of these two entities occur- 
ring in the Monterey Bay Region are scarcely inseparable, per- 
haps due to hybridization, but northward from Carmel, Monte- 
rey County, particularly along sand dunes and coastal beaches, 
G. arenicola becomes a definite species. Approximately at its 
northern limit, in southern Oregon and in some places in 
coastal northern California, it merges into G. stricta, a species 
ranging from southern Alaska to northern California. In 
G. stricta the leaves have become much thinner, fleshier, more 
elongated, the basal ones not conspicuously dilated or sub- 
truncate at apex as in G. arenicola, the bracts less recurved 
and more spreading. There are intermediates between the two 
which are difficult to place; these occur where the ranges of the 
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two species overlap. Grindelia stricta, in the Puget Sound and 
Vancouver Island region, develops an intricately interwoven 
series of variations, some more or less confined to particular 
habitats, such as sand beaches, coastal slopes, and estuaries. 
Some of these variations have remained more or less glabrous, 
while others have taken on various degrees of pubescence. In 
some the leaves and involucre have become more resinous, in 
others less so. These are all recently evolved variations which 
are related to the similarly geologically youthful G. integrifolia 
and var. virgata. 

Among the Mexican species we find a similar interwoven 
complex, although generally the species are somewhat more 
distinct. The Texan G. microcephala and varieties have been 
derived through G. tenella, and G. tenella, G. Nelsonii, G. 
grandiflora show in turn close affinity with G. Greenmanii. 

It is evident that various trends of evolution may have orig- 
inally been initiated from one species, at least one extant 
species possessing morphological potentialities which would 
lead to several lines of development. The relatively few gaps 
in the development of the generic tree of Grindelia are due to 
the recent evolution of many of the species, combined most 
likely with the fact that many of the ancestral forms, or forms 
very similar to extinct ancestral forms, are extant. 

The cytological work undertaken in collaboration with Dr. 
T. W. Whitaker™* strongly corroborates the concepts of deri- 
vation and phylogeny in the present paper. The species have 
been found to be either diploid or tetraploid, the former being a 
more primitive type cytologically, morphologically, as well as 
geographically and geologically, whereas the tetraploid type 
appears to be the most recently evolved species occurring on 
the most youthful areas. It seems possible to trace all diploid 
types back to the Sonoran stock, as well as to relate all the 
more recently evolved tetraploid types either from other tetra- 
ploid types or from diploid stock. 


™ Whitaker, T. W. and Steyermark, J. A. Cytological aspects of Grindelia spe- 
cies. Bull. Torr. Bot. Club 62: 69-73. 1935. 





STEYERMARK—STUDIES IN GRINDELIA. III 


Speciric Concept 


Aside from variation naturally caused by environmental 
factors, some of the difficulties in the differentiation of species 
and varieties of Grindelia are no doubt due to natural hybridi- 
zation and probably also to other chromosomal aberrations 
(chiasmotypy, apogamy, etc.). Hybridization may be sus- 
pected wherever species or varieties occur in the same area and 
where transitional or aberrant forms are found. Variations 
within a species may be quite distinct within certain limited 
localities, but an examination of a large suite of specimens, 
both in the herbarium and in the field, shows that these varia- 
tions comprise one long seemingly endless line. The extremes 
of this interwoven chain-complex may be quite distinct and re- 
mote and yet one cannot maintain them as specific entities be- 
cause of the mass of transitional material. Thus, G. rubri- 
caulis and var. elata or var. bracteosa are obviously distinct, 
and would represent definite species were it not that G. rubri- 
caulis is connected with var. platyphylla through the pubescent 
var. platyphylla f. pilosa, while var. platyphylla is closely al- 
lied to var. robusta which in turn bears obvious relation to var. 
elata and var. bracteosa. 

Many of the species have been so recently evolved that the 
various differentiations have not been sufficiently segregated, 
and a long complex of closely related series is the inevitable 
result. For this reason the present author has been compelled 
to reduce a number of species to varieties or forms or to recog- 
nize many varieties and forms. Numerous differentiations 
have been set off within the genus, and all such divergences 
from the species have been recognized. If these many ten- 
dencies and definite variations were not recognized, the in- 
evitable ‘‘lumping’’ might result in too polymorphic a species. 
In many cases, the species, as represented by the historical 
type, is only an insignificant or minor part of the whole, 
while a variety of such a species may be the common and widely 
distributed type found. For instance G. microcephala var. 
adenodonta, G. hirsutula var. brevisquama, G. rubricaulis var. 
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robusta and var. elata represent the more widely dispersed and 
more commonly collected forms in the species, but, unfortu- 
nately are not the entities involved in the real historical 
nomenclatorial species. 





STUDIES IN THE ANACARDIACEAE. I 


FRED A. BARKLEY 


University Fellow, Henry Shaw School of Botany of Washington University 
Assistant in Botany, University College of Washington University 


In the course of critical studies on the North American spe- 
cies of Rhus and their immediate allies, several cases have 
come to hand where it seems desirable to place on record per- 
tinent notes, and to make a few new combinations to bring the 
matter in accord with the International Rules of Botanical 
Nomenclature. 


Among important distributions of plant specimens, the fol- 
lowing notes seem worthy of recording: M. E. Jones 27097, 
Sept. 21, 1930, distributed as a Rhus, is a species of Fagara; 
M. E. Jones 27095, Nov. 25, 1930, distributed as a Rhus, is 
Thouinia acuminata Wats.; A. H. Curtiss 33, Jan. 12 and May 
23, 1903, distributed as Bursera, is Metopium toxiferum Krug 
& Urb.; C. A. Purpus 4065, May, 1909, distributed as Bursera, 


is, in part, Actinocheita filicina (DC.) Barkl. 


Toxicodendron vernicifera (DC.) E. A. & F. A, Barkley, n. 
comb. = Rhus vernicifera DC., Prodr. 2: 68. 1825. 


Pseudosmodingium Pterocarpus (Sessé & Moc.) Barkl., n. 
comb. = Rhus Pterocarpus Sessé & Moc., Pl. Nov. Hisp., p. 47; 
1888, 

This species is very similar to Pseudosmodingium perni- 
ciosum (HBK.) Engl., from which it differs in having much 
shorter petiolules, mucronate and broadly ovate leaflets with 
more obtuse bases. The leaflets in this species are sparsely 
puberulent, while in P. perniciosum they are glabrous through- 
out. Specimen examined: Mexico: ‘‘Plantae Novae His- 
paniae,’’ 1787-1804, Sessé, Mocitio, Castillo @ Maldonado 4938 
(Field Museum Herbarium, no. 847794, part of type). 


Issued April 30, 1937. 
ANN. Mo. Bor. Gagp., Vou. 24, 1937. 





[Von. 24, 1937) 
264 ANNALS OF THE MISSOURI BOTANICAL GARDEN 


Ailanthus peregrina (Buc’hoz) Barkley, n. comb. 

Ailanthus glandulosa Desf., Mém. Acad. Paris for 1786, 
p. 265. 1789. 

Albonia Peregrina Buc’hoz, Herb. Color. Amér., pl. 57, 
1783. 

Rhus peregrina (Buc’hoz) Stapf, Index Londonensis 1: 
113. 1929. 

R. Succedaneum Buc’hoz, Herb. Color. Amér., pl. 57. 
1783. 

The plants so beautifully portrayed in the work of Buc’hoz, 
here cited, are an exact match for flowering and fruiting spec- 
imens of Ailanthus glandulosa Desf., and they are undoubtedly 
conspecific with it; but in accordance with the International 
Rules the plant must retain its first specific epithet, hence the 
above transfer. 


*Bue’hoz, P. J. Herbier colorié de 1’Amérique, représentant les plantes les 
plus rares et les plus curieuses, qui se trouvent dans cette nouvelle partie du monde, 
pour servir & l’intelligence de l’histoire générale et oeconomique des 3 régnes. 
Paris, 1789. 


EXPLANATION OF PLATE 
PLATE 9 


Plate 57 from Bue’hoz’ ‘Herbier colorié de 1’Amérique, ...’ showing the 
plant Bue’hoz called Albonia Peregrina and Rhus Succedanewm, which is here 
interpreted as conspecific with Ailanthus glandulosa Desf. 





Ann. Mo. Bor. Garp., VoL. 24, 1937 PLATE 9 
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